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(54) FLUOR I NATE D PROSTAGLANDIN DERIVATIVES AND MEDICINES 

(57) A fluorine-containing prostaglandin derivative of the formula (1 ) (or a salt thereof) and a medicine containing it, 
particularly, a preventive or therapeutic medicine for an eye disease: 



R 2 o 




(1) 



R j O 



wherein A is a vinylene group, an ethylene group, an ethynylene group or the like. R 1 is an aryloxyalkyl group, an alkyl 
group, an alkenyl group, an alkynyl group, a cydoalkyl group, an aralkyl group or the like. R 2 and R 3 are hydrogen 
atoms, acyl groups or the like. Z is OR 4 . -NHCOR 5 . -NHS0 2 R 6 . -SR 7 , (wherein R 4 , R 5 . R 6 and R 7 are hydrogen atoms, 
alkyl groups or the like) or the like, and a dual line consisting of solid and broken lines is a single bond, a cis-douWe 
bond or a trans-double bond. The medicine is an excellent medicine for an eye disease which has a high pharmacolog- 
ical action and little side effect. 
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Description 
TECHNICAL FIELD 

5 [0001 J The present invention relates to fluorine-containing prostaglandin derivatives having a fluorine atom at the 1 5- 
posHion and their salts and medicines containing them as an active ingredient, particularly, preventive or therapeutic 
medicines for eye diseases. 

BACKGROUND ART 

w 

[0002] The naturally occurring prostaglandins (PGs) are a class of biologically active substances synthesized in the 
body and control cellular functions in various tissues of the body as local hormones having various biological activities. 
The PGFs, a group of naturally occurring PGs, which have a uterotonic action, a sterilizing action and a sex cycle syn- 
chronizing action, are used as parturifacients and sex cycle synchronizers for animals. Therefore, research for develop- 
is ment of PGF derivatives which are more effective as these drugs but do not have side effects is extensively conducted 
both at home and abroad. 

[0003] Because prostaglandins generally have various biological activities, in order to obtain derivatives selectively 
showing a desired action, it is necessary to tactically utilize differences in receptor selectivity made by subtle structural 
change. The present inventors focused on the enchain of PG and supposed that the position, species and number of 
20 the substituents on the terminal aryl group or heteroaromatic ring appreciably influence the selectivity. Further, they 
also speculated that the fat-solubility of a compound largely contributed to its absorbability into the body and pharma- 
cological actions and that in the case of a carboxylic acid derivative, the rate of hydrolysis of its ester in vivo affected the 
durability. 

[0004] On the other hand, the PGFs, a group of naturally occurring PGs, are known to lower intraocular pressure 
25 when topically applied to the eye and are expected to find applications as therapeutic medicines for ocular hypertension 
or glaucoma (USP 4,599,353). However, they are irritant to the eye and have a problem of their inflammatory side 
effects such as congestion and damage to the cornea, therefore, research for development of PGF derivatives which 
do not have such side effects is extensively conducted both at home and abroad. PGF derivatives having a cyclic struc- 
ture in the co-chain are also known. Shielnshantz et al. reported specific PGA, PGB, PGD. PGE and PGF derivatives 
30 modified through introduction of a cyclic structure are less irritant and congestive to the eye (JP- A-8-1 091 32). However, 
the irritation of the eye caused by them is not weak enough. 

[0005] Ophthalmic compositions for local therapeutic medicines for glaucoma and ocular hypertension containing a 
chloprostenol orfluprostenol analog have been also reported (JP-A-7-165703). A typical compound disclosed in this lit- 
erature, 13,l4-dihydro-17-phenyl-1 8.19,20-trinor PGF 2a isopropyl ester (Latanoprost) is reported to show strong effect 
35 of lowering intraocular pressure and hardly congest the conjunctiva. However, there is still plenty of room for improve- 
ment. 

[0006] Bezglov et al. reported 15-f luoro-1 5-deoxy PGF 2a , which is derived from naturally occurring PGF 2a by intro- 
ducing fluorine at the 15-position and retains the skeleton of its origin. 15-Fluoro-1 5-deoxy PGF 2a is reported to have 
remarkable pharmacological actions such as the 100-fold greater contraction action and the 1000-fold relaxation action 
40 on smooth muscle in the respiratory system as compared with those of the naturally occurring PGF 2a and the action on 
the smooth muscle in the digestive and circulatory systems comparable to that of the naturally occurring PGF 2a (Izv. 
Akad. Nauk SSSR, Ser. Biol., 6, 831 (1 989)). However, no report has been made on any pharmacological actions of the 
compound on any eye disease, particularly on glaucoma. 

[0007] No prostaglandin F derivatives that have a fluorine atom at the 15-position have been known except 1 5-f luoro- 
45 15-deoxy-PGF 2a . Especially, no report has been made on 15,15-difluoro-15-deoxy F 2a derivatives having synthetic 
side chains per se or their synthesis. In the above-mentioned literature, 15-fluoro-1 5-deoxy PGF 2a is synthesized by a 
fairly impractical method comprising f luorination of the 15-position of naturally occurring PGAg and subsequent conver- 
sion into 1 5-f luoro-1 5-deoxy PGE 2 followed by conversion into 15-f luoro-1 5-deoxy PGF 2a through reduction of the car- 
bonyl group at the 9-position (DoW. Akad. Nauk SSSR, 250,468 (1980)). The present inventors took a new approach to 
so synthesize 15-f luoro-1 5-deoxy PGF 2a derivatives having synthetic side chains and studied their pharmacological 
actions on eye diseases as well as those of 1 5-f luoro-1 5-deoxy PGF 2ot . 

[0008] Because prostaglandins generally have various biological activities, in order to obtain derivatives selectively 
showing a desired action, it is necessary to tactically utilize differences in receptor selectivity made by subtle structural 
change. The present inventors focused on the co-chain of PG and supposed that the position, species and number of 
55 the substituents on the terminal aryl group or heteroaromatic ring appreciably influence the selectivity. Further, they 
also speculated that the fat-solubility of a compound largely contributed to its absorbability into the eye and effect of low- 
ering intraocular pressure after application to the eye and that in the case of a carboxylic acid derivative, the rate of 
hydrolysis of its ester in vivo affected the durability. 
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DISCLOSURE OF THE INVENTION 

[0009] The present inventors measured biological activities of 1 5-f luoro-1 5-deoxy PGF 2a and its derivatives to access 
their usefulness as medicines. The present inventors also measured the biological activities of derivatives of 15-fluoro- 
15<leoxy PGF 2a which had an aryloxy group in the co-chain and were prepared by modifying the carboxyl group or the 
hydroxyl group of the prostaglandin to access their usefulness as medicines. As a result, the present inventors have 
found that 1 5-f luoro-1 5-deoxy PGF 2a and its derivatives are not only comparable to the naturally occurring prostaglan- 
dins F in the effect of lowering intraocular pressure but also better in respect of irritation of the eye and influences on 
ocular tissues such as the cornea, the iris and the conjunctive and are excellent in durability. The present invention 
relates to the novel 1 5-f luoro-1 5-deoxy PGF 2a derivatives, medicines containing the derivatives as an active ingredient 
and medical use of 15-fluoro-1 5-deoxy PGF 2a and its derivatives for eye diseases, and provides the following. 
[0010] A fluorine-containing prostaglandin derivative of the following formula (1) (exclusive of 1 5-f luoro-1 5<Jeoxy 
PGF 2a) or 3 salt thereof, and a medicine containing it as an active ingredient. 

[0011] A preventive or therapeutic medicine for an eye disease containing a fluorine-containing prostaglandin deriv- 
ative of the following formula (1) or a salt thereof: 



wherein A is an ethylene group, a vinylene group, an ethynyiene group, -OCH 2 - or -SCH 2 -, 
R 1 is a substituted or unsubstituted alkyl group, a substituted or unsubstituted C3_ 8 alkenyl group, a substituted 
or unsubstituted C3_8 alkynyl group, a substituted or unsubstituted C3.8 cycloalkyl group, a substituted or unsubsti- 
tuted aralkyl group or a substituted or unsubstituted aryioxyalkyi group, 

each of R 2 and R 3 which are independent of each other, is a hydrogen atom or an acyl group, or forms a single 
bond as described later, 
X is -CH2-, -O- or -S-. 

Z is -OR 4 , -NHCOR 5 . -NHS0 2 R 6 or -SR 7 . or forms a single bond together with R 2 or R 3 , 

each of R 4 , R 5 , R 6 and R 7 which are independent of one another, is a hydrogen atom, an alkyl group, an alkenyl 
group, an alkynyl group, a cydoalkyl group, an aryl group or an aralkyl group. 

and a dual line consisting of solid and broken lines is a single bond, a cis-double bond or a trans-double bond. 

[0012] Among the fluorine-containing prostaglandin derivatives of the above formula (1). those wherein at least one 
of R 1 and R 2 is an acyl group, or Z is -OR 4 (provided that R 4 is other than a hydrogen atom), -NHCOR 5 , -NHS0 2 R 6 or 
-SR 7 are preferable in view of biological activities on eye diseases and physical properties. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0013] In the following description, the term "lower for an organic group corresponds to a carbon number of from 1 
to 6. A preferred lower organic group is an organic group having from 1 to 4 carbon atoms. An "alkyl group" may be lin- 
ear or branched, and unless otherwise noted, a lower alkyl group is preferred. Specific examples include a methyl 
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a t-butyl group, a pentyl group 
and a hexyl group. An "alkenyl group" is preferably a lower alkenyl group, unless otherwise noted, and more preferably 
a linear or branched alkenyl group having from 2 to 6 carbon atoms and one unsaturated group. Specific examples 
include a vinyl group, an allyl group, a 1-propenyl group, an isopropenyl group, a 3-butenyl group, a 3-pentenyl group 
and a 4-hexenyl group. 

[0014] An "alkynyl group" is preferably a lower alkynyl group, unless otherwise noted, more preferably a linear or 
branched alkynyl group having from 2 to 6 carbon atoms and one unsaturated group. Specific examples include a 1- 
propynyl group, a 2-propynyl group, a 3-butynyl group, a 3-pentynyl group and a 4-hexynyl group. As an "alkoxy group", 
although a wide variety of common alkoxy groups may be used, a lower alkoxy group is preferred, and more preferred 
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is a linear or branched aJkoxy group having from 1 to 4 carbon atoms. Specific examples include a methoxy group, an 
ethoxy group, a propoxy group and a butoxy group. 

[0015] A "halogen atom" means a fluorine atom, a chlorine atom, a bromine atom or an iodine atom. An "aryl group" 
means a monovalent aromatic hydrocarbon group which may have a substituent (such as a lower alkyl group, a halogen 

5 atom, a lower alkoxy group or a lower alkylamino group), preferably a phenyl group or its derivative. For example, a phe- 
nyl group, a tolyl group, a halophenyl group (such as a chlorophenyl group, a f luorophenyl group or a bromophenyl 
group), a dihalophenyl group (such as a dichlorophenyl group, a drfluorophenyl group or a dibromophenyl group), a tri- 
halophenyl group (such as a trichlorophenyl group, a trif luorophenyl group or a tribromophenyl group) or an alkoxyphe- 
nyi group (such as a methoxyphenyl group or an ethoxyphenyl group) maybe mentioned. An "aralkyl group" means an 

io aryl -substituted alkyl group, in which the aryl group as the substituent may be such an aryl group as described above, 
, , and the carbon number of the alkyl group is preferably from 1 to 4. Specific examples include a benzyl group, a benzhy- 
dryi group, a trrtyl group and a phenethyl group. 

[0016] A "cycloalkyl group" means an unsubstituted or substituted 3 to 8-membered cycloalkyl group, and when sub- 
stituted, may have a lower alkyl group, a halogen atom or an aJkoxy group as a substituent. For example, a cyclopropyi 
75 group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a methylcyclohexyl group, a 
dimethylcyclopentyl group, a dimethylcycfohexyl group, a chlorocyclohexyl group or a dichlorocyclohexyl group may be 
mentioned. 

[0017] A "haloalkyl group" means a lower haloalkyl group having at least one halogen atom. A f luoromethyl group, a 
difluoromethyf group, a trifluoromethyl group, a trif luoroethyl group, a pentafluoroethyl group, a chloromethyl group, a 

20 dichlorom ethyl group, a trichloromethyl group or a bromomethyl group may be mentioned. 

[0018] An "acyl group" means a monovalent or polyvalent group derived from a carboxylic acid by removing hydroxy I 
group(s) from all the carboxyl group(s). As the carboxylic acid, a saturated or unsaturated aliphatic carboxylic acid, a 
carbocyclic carboxylic acid or a heterocyclic carboxylic acid may be mentioned. As the carbocyclic carboxylic acid, a 
saturated or unsaturated alicyclic carboxylic acid or an aromatic carboxylic acid may be mentioned. 

25 [001 9] Among the fluorine-containing prostaglandin derivatives of the formula (1 ) (hereinafter referred to as the fluo- 
rine-containing prostaglandin derivatives (1)), the following compounds are preferred from the standpoint of biological 
activities and physical properties. 

[0020] As A, a vinylene group or an ethylene group is preferred, and a vinyiene group is particularly preferred. The 
vinyl ene group includes cis- or trans- vinylene groups. A trans-vinyl ene group is particularly preferred. 
so [0021] As X, -CH 2 - is particularly preferred. ? 

[0022] The dual line consisting of solid and broken lines is preferably a cis-double bond. 

[0023] R 1 is preferably an organic group corresponding to the ©-chain moiety of the naturally occurring PGF 2a (when 
the rest is not of the naturally occurring type) or an organic group corresponding to the co-chain moiety of any of various 
synthetic PGs F 2a . Such organic groups include, for example, a C3. 8 alkyl group, a alkenyl group, a C3_ 8 alkynyl 
35 group, a C3.8 cycloalkyl group, an aralkyl group, an aryloxy group having an aryl group such as a phenyl group, and 
such groups having various substituents. 

[0024] The alkyl group may have a cyclic organic group such as a cycloalkyl group as a substituent and the alkenyl 
group and the alkynyl group may have a cyclic organic group such as an aryl group or a cycloalkyl group as a substitu- 
ent For example, R 1 may be a cycloalkyl group-substituted alkyl group, a cycloalkyl group-substituted alkenyl group, or 

40 an aryl group-substituted alkenyl group. Further, it may be an organic group having an oxygen atom or a sulfur atom 
introduced to replace a carbon atom of a linear organic group such as an alkyl group, or an organic group having a 
cyclic organic group such as a cycloalkylene group or an arylene group introduced between two carbon atoms of a lin- 
ear organic group. Further, a cycloalkyl group, an aralkyl group, an aryloxy group and an organic group having such a 
group as a substituent may have a linear organic group such as an alkyl group as a substituent on the ring moiety. Sub- 

45 stituents in R 1 include, in addition to the above-mentioned substituents, a halogen atom, an oxygen atom-containing 
substituent, a sulfur atom-containing substituent, a nitrogen atom-containing substituent, and others. 
[0025] When R 1 is a linear substituted or unsubstituted group, a linear 05.5 aJkyl group, a linear C^e alkenyl group 
and a linear Cs_ 6 alkynyl group and such groups substituted with one or two methyl group are particularly preferred. 
Specific linear groups as R 1 include the following groups. Among them, preferred are a n-pentyl group, a 2-methyihexyl 

so group, a 1-methyl-3-pentynyl group, a 1 -methyl-3-hexynyi group, and a 1.1-dimethyl-3-hexynyl group. 

[0026] A n-propyl group, a n-butyl group, a n-pentyl group, a n-hexyl group, a n-heptyl group, a n-octyl group, a n-decyl , 
group, a 1-methyipentyl group, a 1,1-dimethylpentyl group, a 1-methylhexyl group, a 2-methylpentyl group, a 2-methyl- 
hexyl group, a 3-pentenyl group, a 1-methyl-3-pentenyl group, a 1 -methyl-3-hexenyl group, a 1,1<Hmethyl-3-pentenyl 
group, a 1,1<limethyl-3-hexenyl group, a 2-methyl-3-pentenyl group, a 2-methyl-3-hexenyl group, a 3-pentynyl group, a 

55 1 -methyl-3-pentynyl group, a 1 -methyl -3-hexyny I group, a 2-methyl-3-pentynyl group, a 2-methyl-3-hexynyI group, a 
1 ,1 -dimethyl-3-pentynyl group, and a 1 ,1 -dimethyl-3-hexynyl group. 

[0027] The substituted or unsubstituted cycloalkyl group as R 1 is preferably a cycloalkyl group, or such a 
cycloalkyl group substituted by at least one lower alkyl group. Particularly preferred is an unsubstituted cyclopentyl 
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group, an unsubstituted cyclohexyl group, a C-1.4 alkyl group-substituted cyclopentyl group, or a alkyl group-substi- 
tuted cyclohexyl group. 

[0028] The substituted or unsubstituted aralkyi group as R 1 is preferably an aralkyl group which contains, tor example, 
a benzene ring, a furan ring, a thiophene ring or a naphthalene ring and is substituted by, for example, a halogen atom, 
a haloalkyl group, an alkoxy group or a hydroxyl group The carbon number of the alkyl moiety (i.e. the alkylene group) 
of the aralkyl group is preferably from 1 to 4. A particularly preferred aralkyl group is a C-\. 2 alkyl group substituted with 
a phenyl group or a C 1 . 2 alkyl group substituted with a phenyl group substituted with one or two lower alkyl groups or 
halogen atoms. Specifically, a phenylmethyl group, a 2-phenylethyl group, a 3-methylphenylmethyl group, a 2-(3-meth- 
ylphenyl)ethyl group, a 3-trif luoromethylphenylmethyl group, a 2-(3-trifluoromethylphenyl)ethyl group, a 3-chlorophenyl- 
methyl group, a 2-(3-chlorophenyl)ethyl group, a 2-(3,5-dichlorophenyl)ethyl group and a 2-(3,4-dichlorophenyl)ethyl 
group are preferred. 

[0029] The substituted or unsubstituted aryloxyalkyl group as R 1 is preferably an aryloxyalkyl group which contains, 
for example, a benzene ring, a furan ring, a thiophene ring or a naphthalene ring and may have, for example, a halogen 
atom, a haloalkyl group, an alkoxy group or a hydroxyl group as a substituent on the aryl moiety. The aryl moiety is pref- 
erably a phenyl group which is substituted with from 1 to 3 halogen atoms or haloalkyl groups. The carbon number of 
the alkyl moiety substituted with an aryloxy group is preferably from 1 to 3. Specific preferred aryloxyalkyl groups are a 
phenoxymethyl group, a 3-chlorophenoxymethyl group, a 3-fluorophenoxymethyl group, a 3-trifluoromethylphenoxyme- 
thyl group, a 3.5-dichlorophenoxymethyl group, a 3,4-dichlorophenoxymethyl group, a 3,5-difluorophenoxymethyl 
group, a 3,4-dtfluoroDhenaxymethyl group, a 3.5-bis(trifluoromethyl)phenoxymethyl group and a 3,4-bis(trrfluorome- 
thyl)phenoxymethyl group. 

[0030] As R 1 , in addition to those described above, a C-,_ 4 alkyl group substituted by the above-mentioned cycloalkyl 
group is preferred as a type of substituted alkyl group. As such a cycloalkyl group, a cyclopentyl group or a cyclohexyl 
group is preferred, and as such an alkyl group, a alkyl group is preferred. Specific examples include a cyclopentyl- 
methyl group, a 2-cyclbpentylethyl group and a cyclohexylmethyl group. 

[0031] As R 1 . more preferred are the above-mentioned substituted or unsubstituted aryloxyalkyl groups and substi- 
tuted or unsubstituted aralkyl groups. Among them, a substituted phenoxymethyl group such as a 3,5-dichlorophe- 
noxymethyl group, a 3,4-dichlorophenoxymethyl group or a 3-chlorophenoxymethyl group, a phenylmethyl group and a 
substituted phenylmethyl group such as a 3-methylphenylmethyl group, a 3-trrf luoromethylphenylmethyl group, a 3,5- 
dichlorophenylmethyl group, a 3.4-dichlorophenylmethyl group are preferred. Particularly, a halogen atom-substituted 
phenoxymethyl group such as a 3,5-dichlorophenoxymethyl group, a 3,4-dichlorophenoxymethyl group or a 3-chloroph- 
enoxymethyl group and a phenoxymethyl group are preferred. 

[0032] Each of R 2 and R 3 which are independent of each other, is a hydrogen atom or an acyl group, or forms a single 
bond as described later. H is preferred that both R 2 and R 3 are hydrogen atoms, or that either R 2 or R 3 is an acyl group 
and the other is a hydrogen atom. When only one of them is an acyl group, it is preferred that R 2 is an acyl group. Com- 
pounds wherein at least one of R 2 and R 3 is an acyl group are useful as prodrugs because they can hydrolyze in vivo 
to biologically active compounds. As the acyl group, a C2.20 acyl group, particularly, an aliphatic hydrocarbon type C2. 
20 ac y1 group is preferred. In particular, fluorine-containing prostaglandin derivatives wherein either R 2 or R 3 is an 
aliphatic linear hydrocarbon type acyl group having a carbon number of at least 4 are useful as prodrugs having 
improved fat solubility. 

. [0033] Z is -OR 4 . -NHCOR 5 , -NHSCfeR 6 . -SR 7 or represents a single bond together with R 2 or R 3 , which means cycli- 
zation of a compound wherein Z is OH and either R 2 or R 3 is a hydrogen atom (a compound having a carboxyl group 
at the end of the a-chain and a hydroxyl group either at the 9-position or at the 1 1-position) by esterification of the car- 
boxyl group and the hydroxyl group to form an ester bond between the end of the a-chain and the 9- or 1 1 -position. 
Such cyclic compounds having an ester bond can hydrolyze in vivo into biologically active compounds, and therefore 
are useful as prodrugs. 

[0034] As R 4 - R 7 in the groups represented by -OR 4 , -NHCOR 5 , -NHS0 2 R 6 and -SR 7 , a hydrogen atom, an alkyl 
group, an alkenyl group, an alkynyl group, a cycloalkyl group, an aryl group and an aralkyl group may be mentioned. 
The alkyl group, the alkenyl group, the alkynyl group and the alkyl moiety of the aralkyl group may be linear or branched 
and may have various substrtuents such as halogen atoms. The cycloalkyl group, the aryl group and the aralkyl group 
may have an alkyl group or other substrtuents on the ring. As such substrtuents. the substituents described above for 
R 1 may be mentioned. 

[0035] The alkyl group, the alkenyl group and the alkynyl group as R 4 - R 7 preferably have a carbon number of at most 
20. particularly, at most 8. Specific examples of these linear hydrocarbon groups include a methyl group, an ethyl group, 
a n-propyl group, an isopropyl group, a n-butyl group, a n-pentyl group, a n-hexyl group, a n-heptyl group, a n-octyl 
group, a n-decyl group, a 1 -methylpentyl group, a 1,1-dimethylpentyl group, a 1 -methylhexyl group, a 2-methylpentyl 
group and 2-methylhexyl group. As the alkenyl group, an allyl group, a 2-butenyl group, a 3-pentenyi group. 1-methyl-3- 
pentenyl group. 1 -methyl-3-hexenyl group, 1,1 -dimethyl -3-pentenyl group and a 1,1-dimethyl-3-hexenyl group maybe 
mentioned. As the alkenyl group, a propargyl group, a 3-pentynyl group, a 1 -methyl-3-pentynyl group, a 1 -methyl-3-hex- 
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ynyl group, a 1 ,1 -dimethyl-3-pentynyl group and a 1 ,1-dimethyl-3-hexynyl group may be mentioned. 

[0036] As the substituted alkyl group as R 4 ■ R 7 , a halogen atom-substituted alkyl group or a cycloalkyl group-substi- 
tuted alkyl group may be mentioned. The carbon number of the halogen atom-substituted alkyl group is preferably at 
most 6. and the carbon number of the alkyl moiety of the cycloalkyl group-substituted alkyl group is preferably from 1 to 
5 2. As the halogen atom-substituted alkyl group, for example, a trifluoromethyl group or a pentaf luoroethyl group may be 
mentioned. As the cycloalkyl group-substituted alkyl group, for example, a cyclobutyl methyl group, a cyclopentyl methyl 
group or a cyclohexyi methyl group may be mentioned. 

[0037] The carbon number of the cycloalkyl group as R 4 - R 7 is preferably at most 10. Specific examples include a 
cyclopropy! group, a cyclobutyl group, a cyclopentyl group, a cyclohexyi group, a 2,2-dimethylcyclopropyl group, a 3- 

io cyclopentenyl group, a 3-cyclohexynyl group and a cyclooctanyl group. 

[0038] As the aryl group as R 4 - R 7 , a substituted or unsubstituted phenyl group is preferred. As the substituent, an 
alkyl group (preferably having a carbon number of at most 4), a halomethyl group, a halogen atom, an afkoxy group, an 
acyi group, an acylamino group or a nitro group is preferred. Specific examples include a phenyl group, a 4-methylphe- 
nyl group, a 4-{t-buty I) phenyl group, a 3-trrf I uoromethy (phenyl group, a 4-trrf luoromethylphenyl group, a 4-chlorophenyl 

75 group, a 4-acetylphenyl group, a 4-benzoylphenyl group, a 4-acetylaminophenyl group, a 4-benzoylaminophenyl group, 
a 3-nrtrophenyl group and a 4-nitrophenyl group. 

[0039] As the aralkyl group as R 4 - R 7 , an aralkyl group consisting of an alkyl moiety having a carbon number of at 
most 4 (preferably a carbon number of 1 or 2) and a phenyl group is preferred. The phenyl group may be substituted 
with an alkyl group (preferably having a carbon number of at most 4), a halomethyl group, a halogen atom, an alkoxy 
20 group, an acyl group, an acylamino group, a nitro group or the like. The alkyl moiety of the aralkyl group may be 
branched. 

[0040] Specific examples include a benzyl group, a phenethyi group, a diphenyl methyl group, a (3-methylphe- 
nyl)methyl group, a (3-chlorophenyl)methyl group, a (3-fluoromethylphenyl)methyl group, a (3-bromophenyi) methyl 
group, a {(3-trifluoromethyl)phenyl}methyl group, a 1-(3-methylphenyl)ethyl group, a 1-(3-chlorophenyl)ethyl group, a 1- 
25 {(3-trifluoromethyl)phenyl}ethyl group, a 1-(3-fluorophenyl) ethyl group, a 1 -(3-bromophenyl)ethyl group, a 2-(3-methyl- 
phenyl) ethyl group, a 2-(3-chlorophenyl) ethyl group, a 2-{(3-trtf luoromethyl)phenyI}ethy! group, a 2-(3-fluorophenyl) ethyl 
group, a 2-(3-bromophenyl)ethyl group, a 1-methyl-2-(3-methylphenyl)ethyl group, a 1 -methyl-2-(3-chlorophenyl) ethyl 
group, a 1-methyl-2-{(3-trifluoromethyl)phenyl}ethyl group, a 1-methyl-2-(3-fluorophenyl)ethyl group and a 1-methyl-2- 
(3-bromophenyl)ethyl group. 

30 [0041 ] Each of R 4 - R 7 is preferably an alkyl, cycloalkyl or aralkyl group which may have a substituent. As the substit- 
uent, a halogen atom or an alkyl group having a carbon number of at most 4 which is bonded to a ring is preferred. Par- 
ticularly preferred R 4 - R 7 are alkyl groups, and a haloalkyl is particularly preferred as R 6 . 

[0042] Z is preferably a group represented by -OR 4 . R 4 in Z is preferably a hydrogen atom or a C^o hydrocarbon 
group such as an alkyl group, a cycloalkyl group or an aralkyl group. Compounds wherein R 4 is a hydrocarbon group 
35 are useful as prodrugs because they can hydrolyze in vivo into biologically active compounds. It is possible to improve 
the fat solubility of compounds by proper selection of hydrocarbon groups. As Z, particularly preferred are a hydroxy! 
group, an isopropoxy group, an ethoxy group, a methoxy group, an isobutoxy group, a cyclohexyloxy group and a ben- 
zyloxy group. 

[0043] A fluorine-containing prostaglandin derivative of the present invention having an acidic group such as a car- 

40 boxy group, for example like those wherein Z is a hydroxy! group, may take the form of a salt with a base. Similarly, when 
a compound of the present invention has a basic group such as an amino group, it may take the form of a salt with an 
acid. Salts with bases include alkali metal salts such as sodium salts and potassium salts, alkaline earth metal salts 
such as calcium salts and magnesium salts and ammonium salts such as unsubstituted ammonium salts and alkyl-sub- 
stituted ammonium salts. Salts with acids include inorganic acid salts such as hydrochlorides, sulfates and phosphates 

45 and organic acid salts such as acetates, oxalates, citrates, succinates and p-toluenesulfonates. 

[0044] The fluorine-containing prostaglandin derivatives of the present invention can be synthesized by forming the 
prostaglandin nucleus by a general method for synthesis of prostaglandin F 2a and then f luorinating the hydroxyl group 
at the 15-position into a fluorine atom. For synthesis of prostaglandin F 2a , known processes may be employed. For 
example, the prostaglandin F 2a nucleus can be synthesized by converting a Corey lactone as the starting material into 

so an ©-chain -containing Corey lactone through introduction of the co-chain, reducing the lactone to a lactol, introducing 
the a-chain unit through the Wittig reaction, converting the carboxyl moiety into an ester, an acylamide, a sulfonamide ' 
or a thioester, and optionally deprotecting or acylating a hydroxyl group, as a precursory prostaglandin to be f luorinated. 
[0045] Then, the hydroxyl group at the 1 5-position of the precursory prostaglandin is f luorinated. Because f iuorination 
of a hydroxyl group usually gives a stereochemically inverted fluorination product as the main product, a fluorination 

55 product having the naturally occurring configuration is produced efficiently from a precursor having a hydroxyl group of 
the opposite configuration. Fluorination of such a hydroxyl group to give a fluorine-containing prostaglandin derivative 
of the formula (1) is performed by various known fluorination methods, for example, by a method using various nucle- 
ophilic f luorinating agents in inert solvents. 
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[0046] When the precursory prostaglandin has a functional group liable to fluorinate during the fluorination, it is pre- 
ferred to preliminarily protect the functional group by a protecting group. For example, a hydrogen atom as R 2 or R 3 is 
preferably protected by a protecting group during the f luorination of the hydroxy! group at the 15-posrtion and then the 
protection group is removed to give a fluorine-containing prostaglandin derivative of the present invention. 

5 [0047] The protecting groups include, for example, a triorganosilyl group, an acyl group, an alkyl group, an araikyl 
group and a cyclic ether group. A common protecting group for 1 ,3-diols such as a cyclic acetal, a cyclic ketal, a cyclic 
orthoester, a cyclic silyl ether, a cyclic carbonate and a cyclic boronate may also be used. An acyl group to protect a 
hydroxy! group at the 9- or 1 1 -position may be the same as or different from the acyl group as R 2 or R 3 . A compound 
having an acyl group which is different from the acyl group used as the protecting group can be obtained by removing 

to the protecting group and then introducing the different acyl group. 

[0048] The triorganosilyl group is a group having three organic groups such as alkyl groups, aryl groups, araikyl 
groups or alkoxyl groups bonded to a silicon atom. Particularly preferred is a triorganosilyl group having three groups of 
at least one kind selected from the group consisting of louver alkyl groups and aryl groups. Specifically, a t-butyldimeth- 
ylsilyl group, a t-butyldiphenylsily! group, a triethylsilyl group, a triphenylsilyl group or a triisopropylsilyl group may, for 

75 example, be preferred. 

[0049] As the acyl group, an acetyl group, a trrf luoroacetyl group, a pivaloyl group, a benzoyl group or a p-phenylben- 
zoyl group is preferred, and as the cyclic ether group, a tetrahydropyranyl group or a tetrahydrofuranyl group is pre- 
ferred. As the alkyl group or the araikyl group which may have a substituent. an alkoxyalkyl group such as a 
methoxymethyl group, a 1 -ethoxy ethyl group or a 2-methoxyethoxymethyl group as well as a benzyl group, a methoxy- 
20 benzyl group or a trttyl group may, for example, be mentioned. 

[0050] As the cyclic acetal or cyclic ketal, methylene acetal. ethyfidene acetal or isopropylidene acetal is preferred. 
As the cyclic orthoester, methoxy methylene acetal or dimethoxy methylene acetal is preferred. As the cyclic silyl ether, 
a 1 ,3-(1 , 1 ,3,3-tetraisopropyldisiloxanylidene) derivative is preferred, and as the cyclic boronate, phenylboronate is pre- 
ferred. 

25 [0051 ] The protecting group for a hydroxyl group as mentioned above, can be converted to a hydroxyl group by a con- 
ventional method. For example, it can readily be converted to a hydroxyl group by methods disclosed in publications 
e.g. "Shinjikken Kagaku Koza 14 Syntheses and Reactions of Organic Compounds (I), (II) and (V)", published by 
Maruzen, and "Protective Groups in Organic Synthesis'* written by T. W. Greene, published by J. Wiley & Sons. 
[0052] The f luorination of a precursory prostaglandin having a hydroxyl group at the 1 5-position to a f iuorine-contain- 

30 ing prostaglandin derivative uses a fluorinating agent. The fluorination is preferably carried out in an inert solvent and 
may be conducted in the presence of a base. The reaction temperature for the fluorination is usually from -150 to 
+ 1 00°C, preferably from -80 to +40°C. 

[0053] The fluorinating agent used for fluorinating a precursory prostaglandin to a fluorine-containing prostaglandin 
derivative is not particularly limited, and known or common nucleophilic fluorinating agents may be employed. For 

35 example, nucleophilic fluorinating agents disclosed in publications such as "Fusso no Kagaku (Fluorine Chemistry)" 
written by Tomoya Krtazume, Takashi Ishihara and Takeo Taguchi and published by Kodansha Scientific, may be used. 
Specifically, dialkylaminosulfur trifluoride derivatives, tetrafiuorophenylphophorane. fluoroalkylamine agents such as 
diethylamine-chlorotrifluoroethene adducts and diethylamine-hexafiuoropropene adducts, hydrogen fluoride-amine 
complexes such as HF-pyridine and HF-triethylamine, silicon tetrafluoride, sulfur tetrafluoride, metal fluorides such as 

40 potassium fluoride, cesium fluoride and silver fluoride, and ammonium salts and phosphonium salts such as tetrabuty- 
lammonium fluoride, tetraethylammonium fluoride and tetrabutylf luorophosphorane may, for example, be mentioned. 
[0054] In view of yield and selectivity, dialkylaminosulfur trifluoride derivatives are particularly preferred as the nucle- 
ophilic fluorinating agent, and specifically, morpholinosulfur trifluoride, piperidinosutf ur trifluoride. diethylaminosulfur tri- 
fluoride. dim ethyl aminosul fur trifluoride and the like are preferred. 

45 [0055] The hydroxyl group of a precursory prostaglandin can be f luorinated directly by using these nucleophilic fluor- 
inating agents, or after conversion of the hydroxyl group into its derivative such as a sulfonate or a silyl ether in order to 
improve its reactivity or inhibit side reactions. As the sulfonate, a methanesulfonate, a p-toluenesulfonate, a benze- 
nesuffonate or a trrf luoromethanesulfonate is preferred, and as the silyl ether, trimethylsilyl ether is preferred. 
[0056] The amount of a fluorinating agent is usually from 0.5 to 20 parts by weight, preferably from 1 to 5 parts by 

so weight, per part by weight of a precursory prostaglandin as the substrate. 

[0057] As the inert solvent a halogen-containing solvent, an etherial solvent, a hydrocarbon solvent, a polar solvent, 
or a mixture thereof is preferred. An inert solvent is used usually in an amount of from 5 to 1 000 parts by weight, pref- 
erably from 10 to 100 parts by weight, per part by weight of a prostaglandin. 

[0058] Preferable halogen-containing solvents are methylene chloride, chloroform. 1 ,2-dichloroethane, carbon tetra- 
55 chloride, chlorobenzene and dichloropentafluoropropahes. Preferable etherial solvents are diethyl ether, tetrahydro- 
furan [THF], 1,4-dioxane, dimethoxyethane. diglyme and t-butyl methyl ether. Preferable hydrocarbon solvents are 
hexane, toluene, benzene, pentane, xylene and petroleum ether. Preferable polar solvents are dimethyl sulfoxide, hex- 
amethylphosphoramide [HMPA], 1 ,3-dimethyl-3,4,5,6-tetrahydro-2(1 H)-pyrimidinone [DMPU], 1 ,3-dimethyl-2-imidazo- 
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lidinone [DM I] and N.N.N'.N-tetramethylethylenediamine [TMEDA] (in the square brackets are abbreviations). 
[0059] As the base used for the f luorination, amines such as tertiary amines and aromatic amines and sate of alkali 
metals and alkaline earth metals are preferred. Specifically, triethylamine, diisopropyl ethyl amine, pyridine, 2,6-lutidine, 
dimethyiaminopyridine, sodium carbonate, potassium carbonate, sodium hydrogencarbonate and potassium hydrogen- 

5 carbonate may be mentioned. 

[0060] The fluorine-containing prostaglandin derivatives (1) of the present invention can also be prepared by treating 
a fluorine-containing lactol of the following formula (2) with a phosphorane (3) of the following formula (3). Specifically 
speaking, the fluorine-containing prostaglandin derivatives (1) of the present invention can be prepared, for example, 
by treating a fluorine-containing lactol of the formula (2) (hereinafter referred to as a fluorine-containing lactol (2)) 

io obtained by fluorination of an alcohol of the following formula (5) (hereinafter referred to as an alcohol (5)) to a fluorine- 
containing lactone of the following formula (4) (hereinafter referred to as a fluorine-containing lactone (4)) followed by 
reduction of the fluorine-containing lactone (4) to the fluorine-containing lactol (2), with a phosphorane of the formula 
(3) (hereinafter referred to as a phosphorane (3)) derived from a phosphonium salt of the following formula (6) (herein- 
after referred to as a phosphonium salt (6)). This procedure will be explained below. In the following formulae (3) and 

75 (6). R 10 is a substituted or unsubstrtuted aryl group, a substituted or unsubstituted alkyl group, a substituted or unsub- 
stituted aralkyl group or a diaJkylamino group, and Y is a halogen atom such as a chlorine atom, a bromine atom or an 
iodine atom. 



20 



25 



30 



35 



40 



45 



50 



55 



8 



EP 0 930 296 A1 



OH 



a 



A-CH-R 1 ( 2 ) 

10 n 3n 



R j O 



10 n_ 

75 



r"' 3 p=c;^^x xoz (3) 



20 



25 



o 

a 



30 



R 3 6 



A-CH-R 1 ^ 



35 



a 



T 'A-CH-R 1 ^ 
R 3 0 HO 



45 




(6) 



50 



[0061] The alcohol (5) is basically a known compound and is prepared by a known method. The alcohol (5) is fluori- 
nated practically by the above-mentioned fluorination method. For the configuration of the hydroxyl group to be fluori- 
55 nated, protection of a hydroxyl group not to be f luorinated, and fluorination conditions such as the f luorinating agent and 
solvent to be used and reaction temperature and use of a base, the same as described above applies. 
[0062] The fluorine-containing lactone (4) obtained by the above-mentioned fluorination is reduced to the fluorine- 
containing lactol (2). For the reduction, a reducing agent is usually used in an inert solvent. For example, methods dis- 
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closed in publications such as "Shinjikken Kagaku Koza 15 Oxidation and reduction (II)" published by Maruzen and 
"Jikken Kagaku Koza 26 Organic Syntheses VIII, asymmetric synthesis, reduction, sugar and labeled compounds, 
fourth edition" published by Maruzen may be used. 

[0063] In the reduction, a reducing agent is used usually in amount of from 0.01 to 50 equivalents, preferably from 5 
5 to 20 equivalents, per equivalent of a fluorine-containing lactone (4). The reaction temperature is preferably from -150 
to +100°C, particularly preferably from -80 to 0°C. 

[0064] As reducing agents, diisobutylaluminum hydride [DIB AH], dialkylaluminum alkoxides, lithium aluminum 
hydride, tributyltin hydride, triphenyttin hydride, triethylsilane, trichlorosilane, dimethylphenylsilane, diphenyisilane, 
sodium borohydride, sodium trimethoxyborohydride. lithium tri(s-butyl)borohydride, potassium tri(s- butyl) borohydr id e, 
io lithium triethylborohydride, lithium trisiamylborohydride, potassium trisiamylborohydride, zinc borohydride. calcium 
borohydride, lithium trialkoxyaluminum hydrides, sodium bis(2-methoxyethoxy)aluminum hydride, dtoorane. disiamylb- 
orane, thexylborane and 9-borabicydo[3.3.1]nonane may be mentioned. Diisobutylaluminum hydride (DIBAH] and 
sodium bis(2-methoxyethoxy)aluminum hydride are preferred. 

[0065] As the inert solvent used for the reduction, an etherial solvent, a hydrocarbon solvent, a polar solvent or a mix- 

75 ture thereof is preferred. Specific examples of the etherial solvent, the hydrocarbon solvent and the polar solvent are 
the etherial solvents, hydrocarbon solvents and polar solvents specifically described above for the fluorination. Above 
all. diethyl ether, THF, t-butyl methyl ether, toluene and benzene are particularly preferred. The configuration around the 
hydroxyl group of the fluorine-containing lactol (2) produced by the reduction is not particularly limited. 
[0066] As described above, a phosphorane (3) is produced from the corresponding phosphonium salt (6) in an inert 

20 solvent in the presence of a base. The resulting phosphorane (3) is not usually isolated and directly used for the Wittig 
reaction with a fluorine-containing lactol (2). For production of a phosphorane (3) from the corresponding phosphonium 
salt (6), methods disclosed in publications such as "Shinjikken Kagaku Koza 14 Syntheses and reactions of organic 
compounds (I)" published by Maruzen, and "Jikken Kagaku Koza 19 Organic Synthesis !. hydrocarbons and halogen 
compounds, fourth edition" published by Maruzen and the method of Schaaf et aJ. (J. Med. Chem. 22. 1340 (1979)) 

25 may, for example, be employed. 

[0067] Z in the phosphorane (3) or the phosphonium salt (6) is usually a hydroxy! group (namely, OR 4 wherein R 4 is 
a hydrogen atom) although it may be any of those described above for Z. In such a case, the reaction of the phospho- 
rane (3) with the fluorine-containing lactol (2) gives a fluorine-containing prostaglandin derivative (1) wherein Z is a 
hydroxyl group. In order to obtain a fluorine-containing prostaglandin derivative (1) wherein Z is not a hydroxyl group, it 

so is preferred to convert Z of a fluorine-containing prostaglandin derivative from a hydroxyl group to a different group. A 
fluorine-containing prostaglandin derivative (1) wherein Z is not a hydroxyl group can also be prepared from a phospho- 
rane (3) or its precursor having a group other than a hydroxyl group as Z. 

[0068] Conversion of a phosphonium salt (6) wherein Z is -NHCOR 5 or -NHS0 2 R 6 to a phosphorane (3) is sometimes 
accompanied by replacement of the hydrogen atom bonded to the nitrogen atom in -NHCOR 5 or -NHS0 2 R 6 by a metal 

35 ion; Consequently, in such a case, the product of the Wittig reaction of the resulting phosphorane with a fluorine-con- 
taining lactol (2) also has a metal ion at the corresponding site. The metal ion is attributed to the metal ion (specifically, 
an alkali metal ion or an alkaline earth metal ion) in the base used for conversion of a phosphonium salt (6) into a phos- 
phorane (3). The metal ion can, if necessary, be replaced by a hydrogen atom through hydrolysis or other processes. 
[0069] A phosphorane (3) is used usually in an amount of from 0. 1 to 20 equivalents, preferably from 1 to 1 0 equiva- 

40 lents, per equivalent of a fluorine-containing lactol (2). The reaction of a fluorine-containing lactol (2) with a phospho- 
rane (3) is classified as the so-called Wittig reaction. Ordinary conditions for the Wittig reaction are applicable to the 
reaction of a fluorine-containing lactol (2) with a phosphorane (3) according to the present invention. In particular, it is 
preferred to carry out the reaction under basic conditions in an inert solvent The reaction temperature is usually from - 
1 50 to +200°C, preferably from -80 to +1 00°C. 

45 [0070] A base is used usually in an amount of from 0.1 to 20 equivalents, preferably from 1 to 10 equivalents, per 
equivalent of a fluorine-containing lactol (2). A base of the proper kind should be used in view of the acidity of the hydro- 
gen atom bonded to the carbon atom at the a-position based on the phosphorus atom of a phosphonium salt (6) as the 
precursor of a phosphorane (3) and the stability of the resulting phosphorane (3). Such a base can be selected, for 
example, from the following bases. 

so [0071 ] Sodium hydroxide, potassium hydroxide, sodium carbonate, potassium carbonate, sodium methoxide. sodium 
ethoxide, triethylamine, diisopropylethylamine, pyridine, N-methylmorpholine, diazabicyclononene. diazabicycloun- 
decene, potassium t-butoxide, lithium amide, sodium amide, potassium amide, lithium diisopropyl amide, lithium diethy- 
lamide, lithium dicyclohexylamide, lithium isopropyicyclohexylamide, lithium 2,2,6,6-tetramethylpiperidine, lithium 
hexamethyldisilazide, sodium diethylamide, sodium hexamethyldisilazide, potassium 3-aminopropylamide. potassium 

55 hexamethyldisilazide, lithium hydride, sodium hydride, potassium hydride, sodium dimsyl, n-butyl lithium, s-butyllithium, 
t-butyllithium, methyllithium, phenyllrthium, lithium naphthalenide, lithium biphenylide and tritylsodium. 
[0072] Among these bases, potassium carbonate, potassium t-butoxide. lithium amide, sodium amide, potassium 
amide, lithium diisopropylamide, lithium diethylamide, lithium dicyclohexylamide. lithium isopropyicyclohexylamide, lith- 
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ium 2,2,6.6-tetramethylpiperidine. lithium hexamethyldisilazide, sodium diethylamide, sodium hexamethyldisilazide, 
potassium 3-aminopropylamide, potassium hexamethyldisilazide and sodium dimsyl are preferred. Potassium t-butox- 
ide, sodium hexamethyldisilazide, potassium hexamethyldisilazide and sodium dimsyl are particularly preferred. 

[0073] As the inert solvent, an etherial solvent, a hydrocarbon solvent, a polar solvent, an aqueous solvent, an alco- 
holic solvent or a solvent mixture thereof is preferred. An inert solvent is used usually in an amount of from 5 to 1000 
parts by weight, preferably from 10 to 100 parts by weight, per part by weight of a fluorine-containing lactol (2). As spe- 
cific examples of the etherial solvent, the hydrocarbon solvent and the polar solvent, the etherial solvents, the hydrocar- 
bon solvents and the polar solvents specifically described above for the fluorination are preferred. As the aqueous 
solvent, water or a solvent mixture of water with an alcoholic solvent is preferred. As the alcoholic solvent, methanol, 
ethanol. t-butanol and t-amyl alcohol are preferred. Particularly preferred solvents are diethyl ether, THF, 1,2-dimethox- 
yethane, t-butyl methyl ether, toluene and benzene. 

[0074] 2 of the resulting fluorine-containing prostaglandin derivative (1) can be converted into a different kind of Z, if 
necessary. For example, a fluorine-containing prostaglandin derivative wherein 2 is a hydroxy l group can optionally be 
converted into an ester, a salt of a carboxytic acid, an acyl amide, sulfonamide or a thioester by a conventional method. 
[0075] For esterrfication of Z. ordinary methods such as methods disclosed in publications such as "Shinjikken 
Kagaku Koza 1 4 Syntheses and reactions of organic compounds (II)" published by Maruzen may be used. Esterif ication 
by condensation with an alcohol or a phenol, esterif ication with an O-alkylating agent, esterif ication by use of an alkene 
or an alkyne, esterif ication with a dialkyl sulfate or a halogenated hydrocarbon may be mentioned. 
[0076] For conversion into an acylamide or a sulfonamide, the method of Tlthereley et al. (J. Chem. Soc. 85, 1673 
(1904)), the method of Lynch et al. (Can. Jl Chem. 50. 2143 (1972)), the method of Davidson et al. (J. Am. Chem. Soc. 
80, 376 (1958)) and the like can be used. Alternatively, conversion of a carbaxylic acid into an acid halide or a reactive 
ester followed by condensation with an amide or a sulfonamide or reaction of a carboxylic acid with an amine to produce 
an amide followed by acylation or sulfonylation may be employed. 

[0077] For conversion of Z into a thioester, methods described in publications such as "Shinjikken Kagaku Kbza 14 
Syntheses and reactions of organic compounds (III)" published by Maruzen and "Protective Groups in Organic Synthe- 
ses'* written by T.W. Greene and published by J. Wiley & Sons may be employed. For example, a process wherein a 
carboxylic acid is converted into an acid halide or a reactive ester and then reacted with a thiol may be employed. 
[0078] Specific examples of the compound of the formula (1) are given below, and, however, the compound is not 
limited to these specific examples. 

16-(3,5-DichIorophenoxy)-15-deoxy-15-fluoro-17,18.19.20-tetranorprostag F^ methyl ester, 
16-(3,5-dichlcrophenoxy)-15-deoxy-^ F 2a ethyl ester, 

16-(3,5<iichlc<ophenoxy)-15^ F 2a isopropyl ester, 

16-(3.4<Jichlorcphenoxy)-15-deoxy-15-fluoro-17,18,19,20-tetrarK)ipro F 2o methyl ester, 

1 6-(3,4-dichlorophenoxy)-1 5-deoxy-1 5-f luoro-1 7,1 8. 1 9.20-tetranorprostaglandin F 2a ethyl ester, 
16-(3,4-dichlwophenoxy)-15-deoxy-15^ F 2tx isopropyl ester, 

16-(3-chlorophenoxy)05-deoxy-15-fluoro-17 f 18,19,20-tetranoiprostaglandin F 2a methyl ester, 
16-(3-chlorophenoxy)-15-deoxy-15-fluoro-17,18,19,20-tetranorprostaglandin F 2a ethyl ester, 
le-tS-chlorophenoxyHSKleoxy-IS-fluoro-n.lS.^^O-tetranorprostaglandin F 2a isopropyl ester, 
16-(3,5-difluorophenoxy)-15<ieoxy-15-fluoro-17,18,19,20-tetranorprostaglandin F 2a methyl ester, 
16-(3,5Kiifluorcphenoxy)-15-deoxy-15-fluoro-17,18,19,20-tetranorprostagtandin F 2a ethyl ester, 
16-(3,5<lifluorophenoxy)-15-deoxy-15-fluoro-17,18.19,20-tetranorprostaglandin F 2a isopropyl ester. 
1 6-(3,4-dif luorophenoxy) -1 5-deoxy- 1 5-f luoro-1 7, 1 8, 1 9.20-tetranorprostaglandin F 2a methyl ester, 
16-(3,4<fifluorophenoxy)-15<Jeoxy-15-fluoro-17,18,19.20-tetranorprostaglandin F 2a ethyl ester, 
16-(3,4-dif luorophenoxy)-15-deoxy-15-fluoro-1 7,1 8,1 9,20-tetranorprostaglandin F 2a isopropyl ester, 
16-(3-fluorophenoxy)-15-deoxy-15-f^ F 2a methyl ester. 

16-(3-fluorophenoxy)-15<leoxy-15-fluoroO7J8,19 I 20-tetranoiprostaglandin F 2a ethyl ester, 
16-(3-fluorophenoxy)-15<leoxy-15-fluoro F 2a isopropyl ester, 

16-[3,5-bis(trifluoromethyl)pheno^^ F 2o methyl ester, 

1 6-[3,5-bis(trif luoromethyl)phenoxy]-1 5-deoxy-l 5-f luoro-1 7, 1 8, 1 9.20-tetranorprostaglandin F 2a ethyl ester, 
16-[3,5-bis(trrfluorometh^ F 2a isopropyl ester, 

16-[3,4-bis(trifluoromethyl)phenoxy]-15-deoxy-1 5-f luoro-1 7,1 8,1 9,20-tetranorprostaglandin F 2ot methyl ester, 
16-[3,4^is(trifluoromethyl)phenoxy]-15-decxy-15-fluorc-17,18 t 19,20 F 2a ethyl ester, 

16-[3,4-bis(trrfluoromethyl)ph F 2o isopropyl ester, 

1 6-[3-(trif luoromethyl)phenoxy]-1 5-deoxy-1 5-f luoro-1 7, 1 8. 1 9,20-tetranorprostaglandin F 2a methyl ester. : 
16-[3-(trHluoromethyl)phenoxy]-15-deoxy-1 5-f luoro-1 7,1 8, 1 9,20-tetranorprostaglandin F 2ot ethyl ester, 
16-[3-(trifluoromethyl)phenoxy]-15-deoxy-1 5-f luoro-1 7,1 8, 1 9,20-tetranorprostaglandin F 2a isopropyl ester. 
16-phenoxy-15-deoxy-1 5-f luoro-1 7, 18,1 9,20-tetranorprostaglandin F 2a methyl ester. 
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1 6-phenoxy-1 5-deoxy- 1 5-f luoro-1 7, 18, 1 9, 20-tetranorprostaglandin F 2ot ethyl ester, 
16-phenoxy-15-deoxy-15-fluoro-17 ( 18,19,20-tetranorprostaglandin F 2<x isopropyi ester, 
16-(3-methylphenyl)-15-deoxy-15-fluoro-17,18,19,20-tetranorprostaglandin F 2a methyl ester, 
16-(3-methylphenyl)-1 5-deoxy- 1 5-f luoro-1 7, 18,1 9, 20-tetranorprostaglandin F 2a ethyl ester, 
16-(3-methylphenyl)-1 5-deoxy- 1 5-f luoro-1 7,1 8, 19, 20-tetranorprostaglandin F 2a isopropyi ester, 
l6-[3-(trifluoromethyl)phenyQ-15-deo F 2a methyl ester, 

16-[3-(trifluoromethyl)phenyl]-l5-deoxy-l 5-f luoro-1 7,1 8, 19, 20-tetranorprostaglandin F 2a ethyl ester, 
16-[3-(trifluorometrtyOphenyQ-15-deoxy-15-fluora-17,18,19,20-tetranorprostaglarxJin F 2a isopropyi ester, 
1 6-phenyl-1 5-deoxy-1 5-f luoro- 1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a methyl ester, 

16- phenyl-15-deoxy-15-fluoro-17,18,19,20-tetranorprostaglandin F 2a ethyl ester, 
16^henyl-15<leoxy-15-fluoro-17,18 t 19,20-tetranorprostaglandin F 2a isopropyi ester, 

17- phenyl-15-deoxy-15-fluoro-18,19,20-trinorprostaglandin F 2a methyl ester, 
17-phenyl-l5-deoxy-15-fluoro-18,l9,20-trinorprostaglandin F 2a ethyl ester, 

1 7-phenyl- 1 5-deoxy-1 5-f luoro- 1 8, 1 9,20-trinorprostaglandin F 2a isopropyi ester, 
1 5-deoxy- 1 5-f luoro-1 3, 1 4-dihydroprostaglandin F 2a methyl ester, 
15-deoxy-15-fluoro-13,14<lihydroprostaglandin F^ ethyl ester, 

15- deoxy-15-fluoro-13,14-dihydroprostaglandin F 2a isopropyi ester, 

16- (3,5-dichlorophenoxy)-1 5-deoxy- 15^ F 2a methyl ester. 
16-(3,5-dichlorophenoxy)-15<leoxy-15-flu^ F 2a ethyl ester, 

1 6-(3,5-dichlorophenoxy)-1 5-deoxy- 1 5-f luoro-1 3,1 4-dihydro-1 7,1 8,1 9,20-tetranorprostaglandin F 2ot isopropyi 
ester, 

16-(3,4-dichlorophenoxy)-15-deoxy-15-fluoro-13,1^ F 2a methyl ester, 

16-(3,4-dichlorophenoxy)-15-deoxy-15-fluoro-13,14-dirtydro-17.18,19,20-tefr F 2a ethyl ester, 

1 6-(3,4-dichlorophenoxy)-1 5-deoxy- 1 5-f luoro-1 3.1 4-dihydro-1 7,1 8,1 9,20-tetranorprostaglandin F 2a isopropyi 
ester, 

16-(3-chlorophenoxy)-15-deoxy-15-fluoro-13,14^ F 2a methyl ester, 

16-(3-chlorophenoxy)-15<leoxy-15-fluoro-1^^ F 2a ethyl ester, 

16-{3-chlorophenoxy)-15-deoxy-15-fluoro-13,14-dihydro-17 f 18.19 t 20-tetranorprostaglarKlin F 2a isopropyi ester, 
16-phenc^-15-deoxy-15-fluoro-13,14-dihydro-17,18,19,20-tetranorprostaglandm F 2a methyl ester, 
16-phenoxy-1 5-deoxy- 1 5-f luoro-1 3, 14-dihydro-1 7, 18,1 9,20-tetranorprostaglandin F 2a ethyl ester, 

16- phenoxy-15-depxy-15-fluoro-13,14-dihydro-17,18,19,20-tetranorprostaglandin F 2a isopropyi ester, 

1 7- phenyl- 1 5-deoxy-1 5-f luoro- 1 3. 1 4-dihydro-1 8, 1 9,20-trinorprostaglandin F 2a methyl ester, 
17-pheny1-15-deoxy-15-fluoro-13,14-dihydro-18,^ F 2a ethyl ester, 
17-phenyl-15-deoxy-15-fluoro-13,14-dihydro-18,19,20-trinorprostaglandin F 2ot isopropyi ester, 
16-(3.5-dichlorophenoxy)-15^feoxy-15-fluoro-3-oxa-17,18,19,20-tetranorprostaglandin F 2{1 methyl ester, 
16-(3,5-dichlorophenoxy)-15-deoxy-15-fluoro-3-oxa-17,18,19,20-tetranorprosteg F 2a ethyl ester, 
16-(3,5-dichlorophenoxy)-15-deoxy-15-fluoro-3-ra^ F 2a isopropyi ester, 
1 6-(3,4-dichlorophenoxy)- 1 5-deoxy-1 5-f luoro-3-oxa-1 7,18,1 9,20-tetranorprostaglandin F 2a methyl ester, 
16-(3,4-dichlorophenoxy)-15-deoxy-15-fluoro-3-oxa-1 7, 18,1 9,20-tetranorprostaglandin F 2a ethyl ester, 

1 6-(3,4-dichlorophenoxy)-l 5-deoxy-1 5-f luoro-3-oxa-1 7, 18,1 9,20-tetranorprostaglandin F 2a isopropyi ester, 
1 6-(3-chlorophenoxy)-1 5-deoxy-1 5-f luoro-3-oxa-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2 ^ methyl ester, 
16-(3-<^lorophenoxy)-15-deoxy-15-fluoro-3-oxa-17,18,19,20-tetranorprostaglano5n F 2a ethyl ester, 
16-(3-chlorophenoxy)-15-deoxy-15-fluoro-3-oxa-17,18.19.20-tetranorprostaglarKfin F 2a isopropyi ester, 
1 5-deoxy- 1 5-f luoro-9-pivaloylprostaglandin F 2a methyl ester, 
1 5-deoxy- 1 5-f luoro-9-pivaloylprostaglandin F 2a ethyl ester, 

15- deoxy-15-fluoro-9-pivaloylprostaglandin F 2a isopropyi ester, 

16- (3,5-dic^lorophenoxy)-15-deoxy-15-fluoro-9-pivaloyl-17,18,19,20-tetranorprostaa^ F 2a methyl ester, 
16-(3,5-dichIorophenoxy)-15<ieoxy-15-^ F 2a ethyl ester, 
16-(3,5-dichlorophenoxy)-15-deoxy-15-fluoro^ F 2a isopropyi ester, 
16-(3,4-dichlorophenoxy)-15-deoxy-15-fluo^ F 2a methyl ester, 
l6-(3,4-dichlorophenoxy)-l5-deoxy-15-fluoro-9-prvaloyl-17,18,19,20-tetranorprostag F 2a ethyl ester, 
16-(3,4-dichlorophenoxy)-15-deoxy-15-flucHro-9-pivaloyl-17,18,19,20-tetranorproste F 2a isopropyi ester, 
16-(3-chlorophenoxy)-15«deoxy-15-fluorcK9-p^ F 2a methyl ester, 
16-(3-chlorophenoxy)-15-deoxy-15-fluoro-9^ F 2o ethyl ester, 
16-(3-chlorophenoxy)-15-deoxy-15-fluoro-9-^ F 2a isopropyi ester, 
16-(3,5-difluorophenaxy)-15-deoxy-15-fluoro^ F 2a methyl ester. 
l6-(3,5^ifluorophenoxy)-15-deoxy-l5-fluoro^^ F^ol ethyl ester, 
16-(3,5-difluorophenoxy)-15-deoxy-15-fluoro^^ F 2a isopropyi ester. 
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16-(3,4<lifIuorophenoxy)-t5<ieoxy-15-fluoro-9^i\^loyl-17J8,19 t 20-tGtranorprostaglarxlin F 2a methyl ester, 

16-(3,4<fifluorophenoxy)-15<leoxy-15^ F 2a ethyl ester, 

16-(3,4-difluorophenoxy)-15-deoxy-15-fiuoro-9-piv^ F 2a isopropyl ester, 

16-(3-fluorophenoxy)-15-deoxy-15-fluoro-9-pival^^ F 2a methyl ester, 

16-(3-fluorophenoxy)-15-deoxy-15-fluoro-9-pivaloyl-1 7, 18, 19,20-tetranorprostaglandin F 2a ethyl ester, 

16-(3-fluorophenoxy^15<leoxy-15-fluoro-9-pivaloyl-17,18,19,20-tetranorprostagla F 2a isopropyl ester, 

1 6-[3,5-bis(trtf luoromefthyl)phenaxy]-1 5-deoxy-1 5-f luoro-9-pivaloyl-1 7, 1 8, 19,20-tetranorprostaglandin F 2a methyl 

ester, 

1 6-[3.5-bis(trif luoromethyl)phenoxy]-1 5-deaxy-1 5-f luoro-9-pivaloyl-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a ethyl 
ester. 

1 6-[3,5-bis(trltluoromethyl)phenoxy]-1 5-deoxy-1 5-f luoro-9-pivaloyl-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a isopro- 
pyl ester, 

1 6-[3.4-bis(trif luoromethyl)phenaxy]-1 5-deoxy- 1 5-f luoro-9-prvaloyf-1 7, 1 8. 1 9,20-tetranorprostaglandin F 2a methyl 
ester, 

1 6-[3 ,4-bis(trif Iuoromethyl)phenoxy]-1 5-deoxy- 1 5-f luoro-9-pivaloyl- 1 7, 1 8, 1 9,20-tetranorprostaglandin F 2ot ethyl 
ester, 

1 6-[3,4-bis(trif luoromethyl)phenoxy]-1 5-deoxy- 1 5-f luoro-9-pivaloyl-1 7, 1 8,1 9,20-tetranoryrostaglandin F 2a isopro- 
pyl ester. 

16-[3-(trffluoromethyl)phenoxy]-l5-decKy-15-fluoro^ F 2ot methyl ester. 

16-[3-(trffluoromethyl)pheiioxy]-15-dea^ F 2a ethyl ester, 

1 6-[3-(trif luoromethyl)phenoxy]-l 5-deoxy-1 5-f luoro-9-pivaloy1-1 7,18,1 9,20-tetranorprostaglandin F 2a isopropyl 
ester, 

16-(3-methylphenyl)-15-deoxy-15-fiuoro-9-pivaloyl-1 7, 18, 19,20-tetranorprostaglandin F 2a methyl ester, 
16-(3-metliylpheny1)-l5<ieaxy-l5-fluoro-9-pto^ F 2a ethyl ester, 

1 6-(3-methylphenyl)-l 5-deoxy-i 5-f luoro-9-pivaloyM 7,18,1 9,20-tetranorprostaglandin F 2cL isopropyl ester, 
16-[3-(trifluoromethyl)phenyl]-15-^ F 2a methyl ester, 

16-[3-(trifluoromethyl)phenyQ-15^ F 2a ethyl ester, 

16-[3-(frrfluoromethyl)pheny0-15*leoxy- F 2o isopropyl ester, 

16-phenyl-15-deoxy-15-fluoro-9-pivaloyl-17,18,19,20-tetranorprostaglandin F 2a methyl ester, 
16-phenyl-15<leQxy-15-fluoro-9-pivaloyl-17,18,19,20-tetranorprostaglandin F 2a ethyl ester, 

16- phenyl-15<ieo^-15-fluoro-9i3ivalo isopropyl ester, 

1 7- phenyl- 1 5-deaxy-1 5-f luoro-9-pivalbyl- 1 8 t 1 9,20-trinorprostaglandin F 2a methyl ester, 
17-phenyl-15-deoxy-15-fluoro-9-pivaloyl-18.19,20-trinorprostaglandin F 2a ethyl ester, 
17-phenyl-15-deoxy-15-fluoro-9-pivaloyl-18,19,20-trinorprostaglandin F 2a isopropyl ester, 
15-deoxy-15-fluoro-l 1-pivaloylprostaglandin F 2a methyl ester, 

1 5-deoxy-1 5-f luoro-1 1 -pivaloylprostaglandin F 2a ethyl ester, 

1 5- deoxy- 1 5-f luoro-1 1-pivaloylprostaglandin F 2a isopropyl ester, 

16- (3,5-dichlorophenoxy)-15-deoxy-1 5-f luoro-1 1-pivaloyl-1 7,1 8,1 9,20-tetranorprostaglandin F 2a methyl ester, 
16-(3,5-dichlorophenoxy)-15-deoxy-15-fluoro-^^ F 2a ethyl ester, 
16-(3,5-dichlorophenoxy)-15-deoxy-15-fluoro-11^ F 2a isopropyl ester. 
16-(3.4-dichlorophenoxy)-15-deoxy-15-f luoro-1 1-pivaloyl-1 7, 18. 19,20-tetranorprostaglandin F 2a methyl ester, 
16-(3,4-dichlorophenoxy)-15-deoxy-15-fluoro-1 1-pivaloyl-1 7, 18. 19,20-tetranorprostaglandin F 2a ethyl ester, 
16-(3,4<lichlorophenoxy)-15-deoxy-1 5-f luoro-1 1-pivaloyl-1 7,1 8,1 9,20-tetranorprostaglandin F 2a isopropyl ester, 
16-(3-chlorophenoxy)-l5<leoxy-1 5-f luoro-1 F 2a methyl ester, 
16-(3-chlorophenoxyH5-deoxy-1 5-f luoro-1 1-pival^^^ F 2ot ethyl ester, 
16-(3-chlorophenoxy)-15-deoxy-15-fluoro^ F 2a isopropyl ester, 
16-(3,5-difluorophenoxy)-15-deoxy-15-fluoro-1 1-pivatoyi-1 7,18,1 9,20-tetranorprostaglandin F 2a methyl ester, 
16-(3.5-difluorophenoxy)-15-deoxy-15-^ F 2a ethyl ester, 
16-(3,5-difluorophenoxy)-1 5-deoxy- 1 5-f luoro-1 1-pivaloyl-1 7. 18, 19,20-tetranorprostaglandin F 2a isopropyl ester, 
l6-(3,4-difluorophenoxy)-15-deoxy-15-fluoro-1 l-pivaloyi-1 7, 18,1 9,20-tetranorprostaglandin F 2a methyl ester, 
16-(3,4-difluorophenoxyM5-deoxy-15-fluo^ F 2a ethyl ester, 
16-(3,4<lifluorophenoxy)-15-deoxy-15-fluoro-T1^ F 2a isopropyl ester, 
16-(3-fluorophenoxy)-15<Jeoxy-15-fluoro-11-pival^ F 2a methyl ester, 
16-(3-fluorophenoxy)-15<leoxy-15-f luoro-1 1^ F 2a ethyl ester, 
16-(3-fluorophenoxy)-15-deoxy-15-fluoro-1^ F 2fl isopropyl ester, 

1 6-[3.5-bis(trifluoromethyl)phenQxy]-15-deoxy-1 5-f luoro-1 1-piva!oyl-1 7, 18, 19,20-tetranorprostaglandin F 2a methyl 
ester. 

1 6-[3.5-bis(trif luoromethyl)phenoxy]- 1 5-deoxy-1 5-f luoro-1 1 -prvaloyl-1 7,18,1 9,20-tetranorprostaglandin F 2a ethyl 
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ester, 

16-[3,5-bis(1rmuoromethyl)phenoxy]-15-deoxy-15-fluoro-1 1-pivaloyl-1 7,18,19.20-tetranorprostaglandin F 2a isopro- 
pyl ester, 

16-[3,4-bis(trifluoromethyl)phenoxyl-15-deQxy-15-fluoro-11^ F 2a methyl 

ester, 

16-[3.4-bis(trmuoromethyi)phenoxy]-15-deoxy-15-fluoro-1 1-pivaloyl-17,18,19,20-tetranorprostaglandin F 2a ethyl 
ester, 

16-[3,4^is(trmuoromethyl)phenoxy]-15-deoxy-15-fluoro-1 1 -pivaloyl-1 7, 18.1 9,20-tetranorprostaglandin F 2a isopro- 
pyl ester, 

1 6-[3-(trif luoromethyl)phenoxy]-1 5-deoxy-1 5-f luoro-1 1 -pivaloyl-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a methyl 
ester, 

16-[3-(trifluoromethyI)phenoxy]-15-deoxy-15-fluoro-1 1 -pivaloyl-1 7, 18,1 9,20-tetranorprostaglandin F 2a ethyl ester, 
1 6-[3-(trif luoromethyl)phenoxy]-1 5-deoxy- 1 5-f luoro-1 1 -pivaloyl-1 7,1 8, 1 9,20-tetranorprostaglandin F 2a isopropyl 
ester, 

16-(3-methylphenyl)-15-deoxy-1 5-f luoro-1 1 -pivaloyl-1 7,1 8,1 9,20-tetranorprostagiandin F 2a methyl ester, 
16-(3-methylphenyl)-15-deoxy-15-fluoro-^^ F 2a ethyl ester, 

16-(3-methylphenyl)-15<Jeoxy-15-fluort>-11-pivaJoyl-17,18.19.20-tetra^ F 2a isopropyl ester, 

16-[3-(trrHuoromethy0phenyfl-1 W F 2a methyl ester. 

16-[3-(trifluoromethyl)pheny0-15-de F 2a ethyl ester, 

1 6-[3-(trif luoromethyl)phenyl]-1 5-deoxy-1 5-f luoro-1 1 -pivaloyl-1 7, 18,1 9,20-tetranorprostaglandin F 2a isopropyl 
ester, 

16-phenyl-15-deoxy-1 5-f luorc>- 11 -pivaloyl-1 7, 18^ F 2a methyl ester, 

16-phenyl-15-deoxy-1 5-f luoro- 11 -pivaloyl-1 7 F 2a ethyl ester, 

16- phenyl-15<leoxy-15-fluoro-1l-prvaloyl-17,18,19,20-tetranorpros^ F 2a isopropyl ester, 

17- phenyl-15-deaxy-1 5-f luoro- 11 -pivaloyl-1 8, 19,20-trinorprostaglandin F 2a methyl ester, 
1 7-phenyl- 1 5-deoxy-1 5-f luoro- 1 1 -pivaloyl-1 8, 1 9,20-trinorprostaglandin F 2a ethyl ester, 
17-phenyl-15-deoxy-15-fluoro-11-pivaloyl-18,19,20-trinorprostaglandin F 2a isopropyl ester. 
15-deoxy-15-fluoroprostaglandin F 2a 1,9- lactone, 

1 5- deoxy- 1 5-f luoroprostaglandin F 2a 1 ,1 1 -lactone, 

16- (3,5<lichlorophenoxy)-l5^eoxy-l5-fluoro-17,18,19,20-tetranorprostaglandin F Za 1,9-lactone, 
16-(3,5-dichlorophenoxy)-15-deoxy-154^^ F 2a 1 . 1 1 -lactone, 
1 6-(3 ,4-dichlorophenoxy)-1 5-deoxy- 1 5^luoro-1 7,18,1 9,20-tetranorprostaglandin F 2a 1 ,9-lactone. 

1 6-(3,4-dichlorophenoxy)-1 SKleoxy-1 5-f luoro-1 7,1 8. 1 9,20-tetranorprostaglandin F 2a 1 , 1 1 -lactone, 
1 6-(3-chlorophenoxy)-1 5-deoxy-1 5-f luoro-1 7,18,1 9,20-tetranorprostaglandin F 2o 1 ,9-lactone, 
1 6-{3-chlorophenoxy)-1 5-deoxy-1 5-f luoro-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a 1 ,1 1 -lactone, 
1 6-(3,5-difluorophenoxy)-15-deoxy-1 5-f luoro-1 7, 18,1 9,20-tetranorprostaglandin F 2a 1 ,9-lactone. 
16-(3.5-difluorophenoxy)-15-deoxy-15-fluoro-1 7,18.1 9,20-tetranorprostaglandin F 2a 1,1 1-lactone, 
1 6-(3 ,4-dif luorophenoxy)- 1 5-deoxy- 1 5-f luoro- 1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a 1 ,9-lactone, 
16-(3,4-difluorophenoxy)-15-deoxy-15-fluoro-17,18,19 f 20-tetiBnorprostaglandin F 2a 1,1 1-lactone, 
1 6-(3-f luorophenoxy)- 1 5-deoxy-1 5-f luoro- 1 7. 1 8, 1 9,20-tetranorprostaglandin F 2a 1 ,9-lactone, 
16-(3-fluorophenoxy)-15-deoxy-15-fluoro-17,18,19,20-tetranorprostaglandin F 2a 1,1 1-lactone. 
1 6-[3.5-bis(trifluoromethyl)phenoxy]-1 5-deoxy-15-f luoro-1 7, 1 8,1 9,20-tetranorprostaglandin F 2a 1 .9-lactone. 
16-[3.5-bis(trifluoromethy^ F 2a 1,1 1-lactone, 

1 6-[3.4-bis(trrfluoromethyl)phenoxy]-l 5-deoxy-1 5-f luoro-1 7, 1 8,1 9,20-tetranorprostaglandin F 2a 1 ,9-lactone, 
16-[3,4-bis(trffiuoromethyl)ph F^ 1,1 1-lactone, 

1 6-[3-(trifluoromethyl)phenoxy]-15-deoxy-1 5-f luoro-1 7, 18,1 9.20-tetranorprostaglandin F 2a 1 ,9-lactone, 
16-[3-(trffluoromethyl)phenoxy]-15-deoxy^^ F 2a 1,1 1-lactone, 

1 6-[3-(trif tuoromethy0phenyl]-1 5-deoxy-1 5-f luoro-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a 1 ,9-lactone, 
1643-(trifluoromethyl)phenyl]-15-deoxy-1 5-f luoro-1 7,1 8, 1 9,20-tetranorprostaglandin F 2ot 1.1 1-lactone, 
1 6-phenyl-1 5-deoxy-1 5-f luoro-1 7, 1 8,1 9,20-tetranorprostaglandin F 2ot 1 ,9-lactone, 

1 6- phenyl- 1 5-d eoxy-1 5-f luoro- 1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a 1 , 1 1 -lactone, 

1 7- phenyi-1 5-deoxy-1 5-f luoro-1 8, 1 9,20-trinorprostaglandin F 2a 1 ,9-lactone, 
17iDhenyl-15-deoxy-15-fluoro-18,19,20-trinorprostaglandin F 2tx 1,1 1-lactone, 
16-(3,5<lic^lorophenoxy)-15-deoxy-15-flouro-17,18,19,20-tetranorpros^ F 2a , 
16-(3,4<iichlorophenoxy)-15<leoxy-15-fluorb-17,18,19,20-tetranorp^^ F 2a , 
1 6-(3-chlorophenoxy)-1 5-deoxy-1 5-f luoro-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2tx , 

1 6-(3,5-dif luorophenoxy)- 1 5-deoxy- 1 5-f luoro-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a . 
16-(3,4<!ifluorophenoxy)-15-deoxy-15-fluoro-17,18.19,20-tetranorprostaglandin F 2a , 
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16-(3-fluorophenoxy)-15-deoxy-15-fluoro-17, 18, 1 9,20-tetranorprostaglandin F 2re , 
16-[3,5-bis(trffluoromethyl)pheno^ F 2ot , 
1 6-[3 ,4-bis(trrt luoromethyl)phenoxy]-1 5-deoxy-1 5-f luoro-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a , 
1 6-[3-(trrf luoromethyl)phenoxy]-1 5-deoxy-1 5-f luoro-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a , 
1 6-(3-methylphenyl)- 1 5-deoxy-l 5-f luoro-1 7, 1 8, 1 9.20-tetranorprostaglandin F 2a , 
1 6-[3-(trif luoromethyl)phenyl]-1 5-deoxy-1 5-f luoro-1 7,1 8,1 9,20-tetranorprostaglandin F 2a , 

1 6- phenyl-1 5-deoxy-1 5-f luoro- 1 7, 1 8, 1 9,20-tetranorprostaglandin F^, 

1 7- phenyl-1 5-deoxy-1 5-f luoro- 1 8, 1 9,20-trinorprostaglandin F 2a , 

1 5- deoxy- 1 5-f luoro- 13,1 4-di hydroprostaglandin F 2tx , 

1 6- (3,5-dichlorophenoxy)-1 5-deoxy- 1 5-f luoro-1 3,1 4-dihydro-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2tx , 
1 6-(3,4<f ichlorophenoxy)-1 5-deoxy-1 5-f luoro-1 3, 1 4-dihydro-1 7,18,1 9,20-tetranorprostaglandin F 2a , 

1 6- (3-chlorophenoxy)- 1 5-deoxy-1 5-f luoro-1 3, 1 4-dihydro- 1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a . 

1 7- phenyl- 1 5-deoxy- 1 5-f luoro- 1 3, 1 4-dihydro- 18,1 9,20-trinorprostaglandin F 2a , 

1 6-(3,5-dichlorophenoxy)-1 5-deoxy- 1 5-f luoro-3-oxa-1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a , 
1 6-(3,4-dichlorophenoxy)-1 5-deoxy- 1 5-f luoro-3-oxa- 1 7, 1 8, 1 9.20-tetranorprostaglandin F 2a , 
1 6-(3-chlorophenoxy)- 1 5-deoxy- 1 5-f luoro-3-oxa-1 7,18,1 9,20-tetranorprostaglandin F 2a , 

N-methanesulfony I- 1 6-(3.5-dichlorophenoxy)- 1 5-deoxy-1 5-f luoro- 1 7, 1 8. 1 9,20-tetranorprostaglandin F 2a carboxa- 
mide. 

N-methanesulfonyl- 1 6-(3,4-dichlorophenoxy)- 1 5-deoxy- 1 5-f luoro- 1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a carboxa- 
mide. 

N-methanesulfonyl- 1 6-(3-chlorophenoxy)-1 5-deoxy- 1 5-f luoro-1 7,18,1 9.20-tetranorprostagIandln F 2a carboxam- 
ide, 

N-methanesulfonyl-16-(3,5-dif luorophenoxy)-15-deoxy-1 5-f luoro-1 7, 1 8,1 9,20-tetranorprostaglandin F 2a carboxa- 
mide, 

N-methanesulfonyl- 1 6-(3.4-dif luorophenoxy)-1 5-deoxy- 1 5-f luoro- 1 7, 1 8, 1 9,20-tetranorprostaglandin F 2a carboxa- 
mide, 

N-methanesulforiyM6-(3-fluorophenoxy)-15^ F 2a carboxamide, 

N-methanesulfony I- 1 6-[3 ,5-bis(trif luoromethyl)phenoxy] - 1 5-d eoxy- 1 5-f luoro-1 7, 18,1 9,20-tetranorprostaglandin 
F 2a carboxamide, 

N-methanesulforiyl-16-[3,4-bis(trrfluor^^ 
F 2a carboxamide, 

N-methanesulfonyl-16-[3-(trffluoromethyl)phenox^^^ F 2a 
carboxamide, 

N-memanesulfonyl-16-phenyl-15-deoxy-15^ F 2a carboxamide. 

N-methanesulfonyl- 1 6-(3-methyIphenyl)-1 5-deoxy-1 5-f luoro-1 7, 1 8. 1 9,20-tetranorprostagiandin F 2a carboxamide, 
N-methanesulfonyl- 1 6-[3-(trif luorornethyl)phenyl]-1 5-deoxy- 1 5-f luoro-1 7, 1 8,1 9,20-tetranorprostaglandin F 2a car- 
boxamide, 

N-methanesulfonyl-16-phenyI-15<leoxy-15-fluoro-17.18,19,20-tetranorprostaglandin F 2a carboxamide and 
N-methanesulfonyl-1 7-phenyl-1 5-deoxy- 1 5-f luoro-1 8, 1 9,20-trinorprostaglandin F 2a carboxamide. 

[0079] The fluorine-containing prostaglandin derivative of the formula (1) has asymmetric carbon atoms in its struc- 
ture and thus has various stereoisomers and optical isomers. The fluorine-containing prostaglandin derivatives of the 
present invention include all of such stereoisomers, optical isomers and their mixtures. 

[0080] In respect of biological activities, the compounds of the present invention are comparable to the naturally 
occurring PGF 2ot in the effect of lowering intraocular pressure and better in irritation of the eye and influences on the 
ocular tissues such as the cornea, the iris and the conjunctiva. Further, they are unlikely to decompose through meta- 
bolic processes such as hydrolysis and oxidation and stable in the body. They also easily penetrate the cornea and are 
easily absorbed by the eye. For these reasons, they are very useful as medicines. Therefore, the medicine of the 
present invention is effective as a therapeutic agent, particularly for glaucoma or ocular hypertension. 
[0081] The medicine for an eye disease of the present invention is a pharmaceutical containing a compound of the 
present invention as an active ingredient and typically applied to the eye, for example, in drops. As its dosage forms, 
external preparations such as eye drops and ophthalmic ointments and injections are mentioned, and the compounds 
of the present invention are formulated by using common techniques. For example, in the case of eye drops, isotonici- 
ties such as sodium chloride and concentrated glycerine, buffering agents such as sodium phosphate and sodium ace- 
tate, surfactants such as polyoxyethylene sorbitane monoolate (hereinafter referred to as polysorbate 80), polyoxyl 40 
stearate and polyoxyethylene hydrogenated castor oil, stabilizers such as sodium citrate and sodium edetate and anti- 
septics such as benzalkonium chloride and paraben are optionally used to prepare the medicine of the present inven- 
tion. The pH should be within a range acceptable for ocular medicines and is preferably from 4 to 8. 
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[0082] Although the dose depends on the condition and the age of the patient and the dosage form, in the case of an 
ophthalmic solution, it is applied to the eye at a concentration of 0.001 to 5% (w/v), preferably from 0.01 to 0.5% (w/v) 
once or a couple of times a day. 

EXAMPLES 

[0083] Now, the present invention will be described in further detail with reference to Examples. However, the present 
invention is by no means restricted to such specific Examples. In Examples 1 to 18, fluorine-containing prostaglandin 
derivatives of the present invention and their intermediates were prepared. In Examples 7 to 1 0 and 1 6 to 20, fluorine- 
containing prostaglandin derivatives of the formula (1) were prepared. Example 21 illustrates formulations of the medi- 
cine of the present invention. In Example 22, fluorine-containing prostaglandin derivatives of the formula (1) were eval- 
uated as medicines for eye disease. Hereinafter, THF means tetrahydrofuran. 

EXAMPLE 1 

Preparation of methyl 7-[(1R,2S,3R,5S)-[2-(t-butyWim 
loxy)]cyclopentyl]hexa-5-enoate 

[0084] To (1 S,5R,6S,7R)-2-oxa-7-(2-tefrahydropyranyt (3.71 
g) in toluene (30 mi), diisobutylaluminium hydride in toluene (1M, 12 mi) was added at -78°C, and the resulting mixture 
was stirred for 30 minutes and extracted with ethyl acetate after addition of saturated aqueous sodium chloride. Remov- 
able of the solvent by evaporation afforded a crude lactol. 

[0085] 4-Carboxybutyltriphenylphosphonium bromide (17.7 g) suspended in THF (160 mi) was stirred together with 
8.98 g of potassium t-butoxide at room temperature for 1 hour. The crude lactol in THF (20 mi) was added, and the 
resulting mixture was stirred at room temperature for 1 hour. The reaction was quenched with water, and the aqueous 
layer was extracted with t-butyl methyl ether after acidification. Removal of the solvent by evaporation afforded 8.1 1 g 
of a crude carboxylic acid. 

[0086] To a solution of 8.1 1 g of the carboxylic acid in dimethyl sulfoxide (100 m£) were added 15 mi of diisbpropyl- 
ethylamine and 10 mi of iodomethane. The mixture was stirred for 1 hour. After addition of water, the mixture was 
extracted with hexane:ethyl acetate (1 :1). Purification by silica gel column chromatography (hexane/ethyl acetate 30/1 
- 5/1) afforded 7.31 g of the title compound (yield 43%). 

1 H NMR(CDCl3):5 0.03(S, 6H), 0.88(S, 9H), 1.5-2.5(m, 18H), 3.5-3.6(m, 2H), 3.66(s, 3H), 3.7-3.9(m, 2H), 4.1-4.2(m, 
2H). 4.69(m, 1 H). 5.3-5.4(m. 2H). 

EXAMPLE 2 

Preparation of methyl 7-[(1R,2S,3R,5S)-[2-hydroxymethyl-5-acetoxy-3-(2-tetrahydropyranylox^^ 
enoate 

[0087] 2.01 g of the silyl ether prepared in Example 1 was dissolved in 8 mi of pyridine. To the solution were added 
8 mi of acetic anhydride and 5 mg of dimethylaminopyridine, and the mixture was stirred at room temperature for 1 
hour. After addition of saturated aqueous sodium bicarbonate, it was extracted with hexaneethyl acetate (1:1), and the 
extract was dried over anhydrous sodium sulfate. Removal of the solvent by evaporation afforded 2.41 g of an acetate. 
The acetate was dissolved in 15 mi of THF and stirred together with tetrabutylammonium fluoride (1M THF solution, 
9.54 mi) at room temperature for 18 hours. Purification by column chromatography (hexane/ethyl acetate 5/1 - 1/1) after 
concentration afforded 1 .54 g of the title compound (yield 91%). 

1 H NMR(CDCI 3 ):S 1.5-2.4(m, 18H), 2.04(s. 3H), 3.5-3.6(m, 2H), 3.67(s, 3H), 3.8-4.2(m. 3H), 4.55-4.71 (m, 1H), 
5.04(m. 1H), 5.37(m, 2H). 

EXAMPLE 3 

Preparation of methyl 7-[(1R,2R,3R.5SM2-formy1-5-acetoxy-3-(2-tetra^^ 

[0088] To 1 .52 g of the alcohol prepared in Example 2 were added 30 mi of benzene, 0.68 mi of pyridine. 0.088 mi 
of trif luoroacetic acid, 9 mi of dimethyl sulfoxide and 3.37 g of dicyclohexylcarbodiimide, and the mixture was stirred at 
room temperature for 3 hours. Insoluble materials in the resulting mixture was filtered off and washed with ethyl acetate. 
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To the filtrate was added water and extracted with ethyl acetate. The extracts were combined, dried and evaporated to 
afford 2 g of the crude aldehyde. 

EXAMPLE 4 

5 

Preparation of 1 6-(3-methylphenyl)-1 5-deoxy-1 5-oxo-9-acetyl-1 1 -(2-tetrahydropyranyl)-1 7, 1 8,1 9,20-tetranorprostag- 
landin F 2a methyl ester 

[0089] To sodium hydride (60% dispersion in mineral oil. 85 mg) suspended in 1 ,2-dimethoxyethane (85 mi), dimethyl 
io 2-oxo-3-(3-methylphenyl)propylphosphonate (548 mg) in 1 ,2-dimethoxyethane (36 m/) was added under cooling with 
ice. After 1 hour of stirring, the aldehyde (2 g) prepared in Example 3 in 1 ,2-dimethoxyethane (36 mi) was added. The 
resulting mixture was stirred at room temperature for 12 hours, poured into saturated aqueous sodium chloride and 
extracted with ethyl acetate, and the extract was dried and evaporated. Purification by silica gel column chromatography 
(hexane/ethyi acetate 3/1) afforded 0.96 g of the title compound. 

15 

1 H NMR(CDCI 3 ):5 1.3-2.8(m, 24H). 3.2-4.1(m, 5H), 3.66(s, 3H), 4.45(m, 1H), 5.06(m, 1H), 5.19-5.36(m, 2H), 
6.26(m, 1H). 6.78(m, 1H), 7.0-7.2(m, 4H). 

EXAMPLE 5 

20 

Preparation of (15RS)-16-(3-methylphenyl)-9-acetyl-11-(2-tetrahydropyranyl)-1 7.18,1 9,20-tetranorprostaglandin F 2a 
methyl ester 

[0090] To the enone (815 mg) prepared in Example 4 in methanol (30 mi), 868 mg of cerium trichloride heptahydrate 
25 was added. After having been cooled to -78°C, to the resulting mixture was added 88 mg of sodium borohydride. The 
mixture was stirred at -78°C for 30 minutes, poured into saturated aqueous sodium bicarbonate and extracted with ethyl 
acetate. Purification by silica gel column chromatography (hexane/ethyl acetate 3/1) afforded 0.80 g of the title com- 
pound. 

30 *H NMR(CDCI 3 ):8 1.4-2.6(m, 25H), 2.70-2.88(m, 2H). 3.34-4.04(m, 3H), 3.66 (s. 3H), 4.35(m t 1H), 4.59(m, 1H), 

5.04(m, 1H). 5.26-5.38(m, 2H), 5.49-5.78(m, 2H ), 7.0-7.2(m, 4H). 

EXAMPLE 6 

35 Preparation of (15RS)-15-deoxy-15-fluoro-16-(3-methylphenyl)-9-acetyl-1 1 -(2-tetrahydropyranyl) -17, 18,1 9,20- 
tetranorprostaglandin F 2a methyl ester 

[0091] To the alcohol (103 mg) prepared in Example 5 in methylene chloride (10 mi), 132 mg of morpholinosulfur tri- 
fluoride was added at -78°C. After 1 hour of stirring, the resulting mixture was poured into saturated aqueous sodium 
40 bicarbonate and extracted with ethyl acetate. Purification by silica gei column chromatography (hexane/ethyl acetate 
5/1) afforded 89 mg of the title compound. 

1 H NMR(CDCI 3 ):5 1.4-2.6(m, 24H). 2.8-3. 1(m. 2H), 3.3-4.0(m. 3H), 3.65(s, 3H), 4.55(m, 1H), 4.9-5.4(m, 4H), 5.56- 
5.78(m, 2H), 7.0-7.2(m, 4H). 
45 19 FNMR(CDCI 3 ):-171.4(m), -170.4(m). 

EXAMPLE 7 

Preparation of (15RS)-15-deoxy-15-fluoro-16-(3-methylphenyl)-9-acetyl-17.18,19,20-tetranorprosteg F 2a methyl 
so ester 

[0092] The fluoride (72 mg) prepared in Example 6 was dissolved in 2 mi of methanol. To the solution was added 3 
mg of p-toluenesulfonic acid monohydrate, and the mixture was stirred at room temperature for 2 hours. The reaction 
was quenched with saturated aqueous sodium bicarbonate, and the mixture was extracted with ethyl acetate. The 
55 extracts were washed with water and dried over anhydrous sodium sulfate. Removal of the solvent by evaporation under 
reduced pressure afforded 65 mg of the title compound. 

1 H NMR(CDCI 3 ):5 1.5-2.5(m, 19H). 2.83-3.12(m. 2H). 3.65(s, 3H), 3.79(m. 1H ). 4.9-5.8(m, 6H), 6.9-7.2(m, 4H). 
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19 F NMR(CDCI 3 ):-171.6(m). -170.9(m). 
EXAMPLE 8 

Preparation of (l5RS)-l5<ieoxy-lMluoro-l6-(3-metriylphenyl)^ F 2a methyl ester 

[0093] To the acetate (65 mg) prepared in Example 7 in methanol (1.7 m/), sodium methoxide (28% methanol solu- 
tion, 0.074 mi) was added under cooling with ice, and the resulting mixture was stirred at room temperature for 1 hour. 
After addition of saturated aqueous sodium bicarbonate, it was extracted with chloroform. The extracts were combined, 
dried and evaporated. Purification by silica gel column chromatography (hexane/ethyl acetate 2/1) afforded 49 mg of 
the title compound. 

1 H NMR(CDCI 3 ):S 1 .4-2.5(m, 17H), 2.84-3.07(m, 2H), 3.66(s, 3H), 3.90(m. 1H), 4.1 7(m, 1H), 5.06(m, 1H). 5.37(m, 
2H), 5.50-5.68(m, 2H), 6.97-7.30(m, 4H). 
19 F NMR(CDCl3):-171.0(m). -170.6(m). 

EXAMPLE 9 

Preparation of (15RS)-15-deoxy-15-fluoro-16-[3-(trifluoromett^ methyl 
ester 

[0094] The title compound was prepared from methyl 7-{(1 R,2R,3R,5S)-[2-formyl-5-acetoxy-3-{2-tetrahydropyrany- 
loxy)]cyclopentyQhexa-5-enoate prepared in Example 3 and dimethyl 2-oxo-3-(3-trif luoromethyi)pheny1propylphospho- 
nate in the same manners as in Examples 4, 5, 6, 7 and 8. 

1 H NMR(CDCI 3 ):5 1.4-2.5<m, 14H), 2.9-3.2(m, 2H), 3.66(s, 3H), 3.93(m, 1H), 4.1 9(m, 1H), 5.08(m, 1H), 5.3-5.5(m, 

2H). 5.55-5.70(m, 2H). 7.35-7.60(m, 4H). 

19 F NMR(CDCI 3 ):-172.1(m), -171.7(m), -63.1(s). 

EXAMPLE 10 

Preparation of 16-(3,5-dichlorophenoxy)-15<ieoxy-15-fluor^ F 2a isopropyl ester 

[0095] The methyl ester of the PGF 2a identified above was prepared by treating methyl 7-[(1 R,2R,3R,5S)-[2-formyl- 
5-acetoxy-3-(2-tetrahydropyranyloxy)]cyclopentyl]hexa-5- enoate and dimethyl [3-(3,5-dichlorophenoxy)-2-oxopro- 
pyljphosphonate in the same manners as in Examples 4, 5, 6, 7 and 8 and separating the 1 5-isomer by using a column. 
Hydrolysis of the methyl ester with 1 N NaOH and subsequent isopropylation of the resulting carboxylic acid with 2-iodo- 
propane in acetone in the presence of diazabicycloundecene gave the title compound. 

1 H NMR(CDCI 3 ):5 1.23(d, J=6.4Hz, 6H), 1.57-1 .75(m, 3H), 1.84(d, J=13.7Hz, 1H), 2.07-2.46(m, 8H), 4.00-4.06(m, 
3H), 4.10-4.22(m, 1H), 4.79-5.04(m 1 1H). 5.13-5.28(m, 1H). 5.37-5.42(m, 2H), 5.70(ddd. J=6.3, 12.2. 15.6Hz, 1H), 
5.84(ddd. J=2.9. 8.8. 15.6Hz, 1 H). 6.83(d. J=2.0Hz. 2H). 6.98(t. J=2.0Hz, 1 H). 
19 F NMRfCDCyi-ISO^m). 

EXAMPLE 11 

Preparation of (1 S,5R,6R,7R)-2-oxa-7-benzoyloxy-6-[(1 E)-4-(3,5-dichlorophenoxy)-3-oxo-1 -butenyl]bicy- 
clo[3.3.0]octan-3-one 

[0096] To sodium hydride (60% dispersion in mineral oil. 8.02 g) suspended in THF (1000 m/) f dimethyl 2-oxo-3-(3.5- 
dichlorophenoxy)-propylphosphonate (70.0 g) in THF (750 mt) was added under cooling with ice. After 1 hour of stir- 
ring. (1S,5R l 6R,7R)-6-formyl-7-benzoyloxy-2-oxa-bicyclo[3.3.0]octan-3-one (52.4 g) in THF (750 rrtf) was added. The 
resulting mixture was stirred at 0°C for 1 hour and at room temperature for 1 hour, then adjusted to pH 5 - 6 with acetic 
acid, poured into water and extracted with ethyl acetate. The extracts were washed with saturated aqueous sodium 
chloride, dried and evaporated. Purification by silica gel column chromatography (hexane/ethyl acetate 2/1 - 3/2) 
afforded 53.4 of the title compound. 

1 H NMR(CDCI 3 ):8 2.31(ddd, J=2.0. 4.9, 15.6Hz. 1H), 2.51(m. 1H), 2.65(dt, J =6.5. 15.6Hz. 1 H), 2.87-2.98(m. 3H), 
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4.67(s, 2H), 5.11(dt, J=2.0, 6.5Hz. 1H), 5.35(m, 1H), 6.54(d, J=16.1Hz, 1H), 6.77(d, J=2.0Hz, 2H), 6.92(dd, J=7.8, 
16.1Hz, 1H ), 6.99(t, J=2.0Hz, 1H), 7.45(m, 2H), 7.60(m, 1H), 7.98(m, 2H). 

EXAMPLE 12 

« 

Preparation of (1S,5R,6R,7R)-2-oxa-7-benzoyloxy-6-[(1 E,3S)-3-hydroxy-4-(3,5-dichlorophenoxy)-1-butenyl]bicy- 
clo[3.3.0]octan-3-one 

[0097] 53.3 g of the enone prepared in Example 1 1 was dissolved in a solvent mixture of methylene chloride (250 
m/)-methanol (500 m/) t and 16.85 g of cerium trichloride heptahydrate was added. The resulting mixture was cooled 
to -78°C and stirred together with 3.41 g of sodium borohydride for 2.5 hours. After pH adjustment to about 3 with 1N 
hydrochloric acid, it was once concentrated, then diluted with ethyl acetate and washed with saturated aqueous sodium 
chloride and 3% aqueous citric acid. It was dried and evaporated. Purification by silica gel column chromatography 
(hexane/ethyl acetate 3/2) afforded 26.2 g of the title compound. 

1 H NMR(CDCI 3 ):S 2.27(ddd, J=2.0, 5.9, 15.1Hz, 1H), 2.52(d, J=16.1Hz, 1H), 2.63(dt, J=6.8, 15.1Hz, 1H), 2.7- 
2.9(m, 3H), 3.76(dd, J=7.3, 9.3Hz. 1H). 3.90(dd . J=3.4, 9.3Hz. 1H). 4.50(m, 1H), 5.07(dt. J=2.0, 6.3Hz, 1H), 
5.28(dd. J=5.9. 12.2 Hz. 1H). 5.70(dd, J=5.4, 15.6Hz, 1H), 5.80(ddd. J=0.97, 7.8, 15.6Hz. 1H), 6.74(d, J=2.0Hz. 
1 H). 6.97(t, J=2.0Hz, 1 H), 7.44(m, 2H), 7.57(m, 1 H). 7.99(m. 2H). 

EXAMPLE 13 

Preparation of (1 S.5R.6R t 7R)-2-oxa-7-benzoyloxy-6-[(1 E,3R)-3-f luoro-4-(3,5-dichlorophenoxy)-1 -butenyljbicy- 
clo[3.3.0]octan-3-one 

[0098] To 19.2 g of the alcohol prepared in Example 12 in methylene chloride (500 m/), 25.0 g of morpholinosulfur 
trifluoride was added at -78°C. After 1 hour of stirring, the resulting mixture was poured into saturated aqueous sodium 
bicarbonate and extracted with ethyl acetate. Purification by silica gel column chromatography (hexane/ethyl acetate 
3/1) afforded 12.5 g of the title compound. 

1 H NMR(CDCl3):8 2.3-3.0(m, 5H), 4.00(m, 2H), 5.08-5.31(m, 3H), 5.73-5.88 (m, 2H), 6.74(m, 2H), 6.97(m, 1H). 
7.42(m. 2H), 7.56(m, 1 H). 7.96(m, 2H). 

19 F NMR(CDCl3):-182.8(m). 

EXAMPLE 14 

Preparation of (1 S.5R,6R,7R)-2-oxa-7-hydroxy-6-[(1 E,3R)-3-f luoro-4-(3,5-dichlorophenaxy)-1 -butenyl]bicy- 
cfo[3.3.0]octan-3-one 

[0099] 1 2.5 g of the fluoride prepared in Example 1 3 was dissolved in 1 20 mi of methanol: To the solution was added 
3.04 g of potassium carbonate, and the mixture was stirred at room temperature for 2 hours. The resulting mixture was 
adjusted to pH about 7 with 2N hydrochloric acid and extracted with ethyl acetate after addition of water. Purification by 
silica gel column chromatography (hexane/ethyl acetate 3/2-1/3) afforded 9.7 9 of the title compound. 

1 H NMR(CDCI 3 ):5 2.00(dd, 2.7. 6.6Hz. 1H), 2.43-2.82(m. 6H), 4.03-4.12(m, 3H), 4.95(m, 1H), 5.13-5.29(m, 1H), 
5.70-5.84(m, 2H), 6.82(m. 2H), 6.98(m, 1H). 
19 F NMR(CDCI 3 ):-182.4(m). 

EXAMPLE 15 

Preparation of (1 S,5R,6R,7R)-2-oxa-3,7-dihydroxy-6-[(1 E,3R)-3-f luoro-4-(3,5-dich!orophenoxy)-1 -butenyl]bicy- 
clo[3.3.0]octane 

[0100] To(1S,5R.6R,7R)-2-oxa-7-hydroxy-6^ 

3-one (9.6 g) prepared in Example 14 in THF (250 m*). diisobutylaluminium hydride in toluene (1M, 97 m0 was added 
at -78°C, and the resulting mixture was stirred for 1 hour and extracted with ethyl acetate after addition of water (150 
irtf) and 1N hydrochloric acid (150 m/). Removal of the solvent by evaporation after drying afforded 9.4 g of a crude 
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preparation of the title compound. 

1 H NMR(CDCI 3 ):6 1.99-2.83(m, 8H), 3.92-4.10(m, 3H), 4.63(n% 1H), 5. 1 4-5.27(m, 1H), 5.56-5.86(m, 3H), 6.82(m, 

2H), 6.99(m, 1H). 

19 F NMR(CDCI 3 ):-181.1(m). 

EXAMPLE 16 

Preparation of 16-(3,5-dichlorophenoxy)-15-deoxy-15-fliJoro^^ F 2a isopropyl ester 

10101 ] 44.0 g of 4-carboxybutyltriphenylphosphonium bromide suspended in THF (500 ml) was stirred together with 
22.3 g of potassium t-butoxide at room temperature for 1.5 hours. 9.40 g of the crude iactol prepared in Example 15 in 
THF (100 mi) was added, and the resulting mixture was stirred at room temperature for 14 hours. The reaction was 
quenched with water, and the reaction mixture was washed with diethyl ether. After acidification, the aqueous layer was 
extracted with ethyl acetate. Removal of the solvent by evaporation after drying afforded 5.90 g of a crude carboxylic 
acid. A solution of 5.90 g of the resulting carboxylic add in acetone (50 xr\£) was stirred together with 1 1 .7 g of diazabi- 
cycloundecene and 14.2 g of 2-iodopropane for 3.5 hours. After addition of aqueous sodium bicarbonate, the mixture 
was extracted with ethyl acetate, and the extract was washed with saturated aqueous sodium chloride, 3% aqueous cit- 
ric acid and aqueous sodium bicarbonate, and dried and concentrated. Purification by silica gel column chromatogra- 
phy (hexane/ethyl acetate 2/3) afforded 4. 1 g of the title compound. 

1 H NMR(CDCI 3 ):S 1.23(d, J=6.4Hz, 6H). 1.57-1.75(m, 3H), 1.84(d. J=13.7Hz , 1H), 2.07-2. 46(m, 8H), 4.00-4.06(m, 
3H), 4.10-4.22(m, 1H), 4.99-5.04(m. 1H), 5.13-5.28(m, 1H), 5.37-5.42(m, 2H), 5.70(ddd. J=6.3. 12.2, 15.6Hz, 1H), 
5.84(ddd , J=2.9, 8.8. 15.6Hz, 1H), 6.83(d, J^.OHz, 2H), 6.98(t, J=2.0Hz, 1H). 
19 F NMR(CDCI 3 ):-180.4(m). 

EXAMPLE 17 

(15RS)-15-Deoxy-15-fluoro-16-[3-metty^^ F 2a methyl ester 

[0102] The title compound was prepared from (1 S,5R,6R,7R)-6-formyl-7-benzoyloxy-2-oxa-bicyclo[3.3.0]octan-3-one 
and dimethyl 2-oxo-3-(3-methylphenyl)propylphosphonate in the same manners as in Examples 11 to 16 (except that 
todomethane was used instead of 2-iodopropane for esterif ication). 

'H NMR(CDCI 3 ):5 1.4-2.5(m. 17H). 2.84-3.07(m, 2H), 3:66(s, 3H), 3.90(m, 1H), 4.17(m, 1H), 5.06(m. 1H), 5.37(m. 
2H), 5.50-5.68(m, 2H), 6.97-7.30(m, 4H). 
19 F NMR(CDCI 3 ):-171.0(m), -170.6(m). 

EXAMPLE 18 

(15RS)-15-Dec*y-154luoro-16-[3-(trif^ F 2a methyl ester 

[0103] The title compound was prepared from (1 S,5R,6R.7R)-6-formyl-7-benzoyloxy-2-oxa-bicyclo[3.3.0]octan-3-one 
and dimethyl 2-oxo-3-[3-(trrfluoromethyl)phenyl]propylphosphonate in the same manners as in Examples 11 to 17. 

1 H NMR(CDCI 3 ):5 1.4-2.5(m. 14H), 2.9-3.2(m, 2H), 3.66(s, 3H). 3.93(m, 1H) . 4.19(m. 1H), 5.08(m, 1H), 5.3-5.5(m. 

2H), 5.55-5.70(m, 2H), 7.35-7.60(m, 4H). 

19 F NMR(CDCI 3 ):-172.1(m), -171.7(m). -63.1(s). 

EXAMPLE 19 

(15RS)-16-(3-Chlorophenoxy)-15-deoxy-15-fluoro^ F 2a isopropyl ester 

[0104] The title compound was prepared from methyl 7-[(1 R,2R,3R,5S)-[2-formyl-5-acetoxy-3-(2-tetrahydropyrany- 
loxy)]cyclopentyl]hexa-5-enoate prepared in Example 3 and dimethyl [3-(3-chlorophenoxy)-2-oxopropyl]phosphonate in 
the same manners as in Examples 4 to 8. 

1 H NMR(CDCI 3 ):6 1.22(d, J=7.3Hz, 6H), 1.5-2.5(m, 12H), 3.9-4.2(m, 4H), 5.00(m, 1H), 5.1-5.3(m, 1H), 5.40(m, 
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1H), 5.65-5.90(m, 2H), 6.81 (m, 1H), 6.9-7.0(m, 2H), 7.20(t, J=8.1Hz, 1H). 
19 F NMR(CDCI 3 ):-180.5(m), -180.9(m). 

EXAMPLE 20 

- * 

16-Phenoxy-15<leQxy-15-fluoro-13J4^ihydro-17J8J9,20-tetranorprostaglandi^ F 2a methyl ester 

[0105] The title compound was prepared from methyl 7-[(1 R l 2R p 3R,5S)-[2-formyl-5-acetoxy-3-(2-tetrahydropyrany- 
loxy)]cyclopentyl]hexa-5-enoate prepared in Example 3 and dimethyl [3-phenoxy-2-oxopropyl]phosphonate in the same 
manners as in Examples 11 to 16 provided that the enone prepared in the same manners as in Example 11 was 
reduced to an ally) alcohol and hydrogenated in the presence of a palladium catalyst into an alcohol, which was used 
for the reaction in Example 12 and subsequent reactions. 

1 H NMR(CDCI 3 ):5 1.40-1.47(m, 2H), 1.60-1.73(m, 4H), 1.85-2.09(m, 4H), 2.11-2.23(m, 3H) P 2.31-2.36(m, 3H), 
3.66(s, 3H), 3.95{br s, 1H), 4.01-4.12(m, 2H), 4.17(brs, 1H). 4.79-4.93(m, 1H), 5.35-5.47(m. 2H). 6.91(d, J=8.1Hz, 
2H), 6.96(t, J=7.3Hz, 1H), 7.28(t. J=8.1Hz, 2H). 
19 F NMR(CDCl3):-188.1(m). 

EXAMPLE 21 (formulation example) 

[0106] Typical formulations of an ophthalmic solution and an ophthalmic ointment containing 16-(3,5-dichlorophe- 
noxyJ-ISKjeoxy-IS-fluoro-^.ie.ig^O-tetranorprostaglandin F 2a isopropyl ester (hereinafter referred to as Compound 
A) are given below. 

1) Ophthalmic solution 

* 

Formulation 1 (Pharmaceutical 1) 10 m/ 
[0107] 



Compound A 


1 mg 


Concentrated glycerine 


250 mg 


Polysorbate 80 


200 mg 


Sodium dihydrogenphosphate dihydrate 


20 mg 


Sterilized pure water 


appropriate amount 


1 N hydrochloric acid or 1N sodium hydroxide 


appropriate amount 


PH 


6.0 



Formulation 2 (Pharmaceutical 2) 10 ml 
[0108] 



Compound A 


5 mg 


Concentrated glycerine 


250 mg 


Polysorbate 80 


200 mg 


Sodium dihydrogenphosphate dihydrate 


20 mg 


Sterilized pure water 


appropriate amount 
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(continued) 




1 N hydrochloric acid or 1 N sodium hydroxide 


appropriate amount 


PH 


6.0 



Formulation 3 (Pharmaceutical 3) 10 ml 
[0109] 

10 



Compound A 


10 mg 


Concentrated glycerine 


250 mg 


Polysorbate 80 


200 mg 


Sodium dihydrogenphosphate dihydrate 


20 mg 


Sterilized pure water 


appropriate amount 


1 N hydrochloric acid or 1 N sodium hydroxide 


appropriate amount 


PH 


6.0 



Formulation 4 (Pharmaceutical 4) 10 m/ 

25 

[0110] 



30 


Compound A 


50 mg 




Concentrated glycerine 


250 mg 




Polysorbate 80 


500 mg 


35 


Sodium dihydrogenphosphate dihydrate 


20 mg 




Sterilized pure water 


appropriate amount 




1 N hydrochloric acid or 1 N sodium hydroxide 


appropriate amount 




pH 


6.0 



2) Ophthalmic ointment 

Formulation 1 (Pharmaceutical 5) 100 g 

45 

[0111] 



50 


Compound A 


0.1 g 




Liquid paraffin 


20g 




White soft paraffin 


77.9 g 


55 


Purified lanolin 


2g 



[0112] The formulation of the ophthalmic solution containing Latanoprost which was used as a comparative com- 
pound in the pharmacological tests is shown below. 
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Formulation 1 (Reference Pharmaceutical) 10 ml 
[0113] 



Latanoprost 


10 mg 


Concentrated glycerine 


250 mg 


Polysorbate 80 


200 mg 


Sodium dihydrogenphosphate dihydrate 


20 mg 


Sterilized pure water 


appropriate amount 


1 N hydrochloric acid or 1 N sodium hydroxide 


appropriate amount 


pH 


6.0 



EXAMPLE 22 (pharmacological tests) 

[01 1 4] The effect of a compound of the present invention on intraocular pressure and eye irritations caused by it were 
investigated to find their usefulness as medicines for an ocular disease. 

1) Effects on intraocular pressure 

[01 1 5] The effect of a compound of the present invention on intraocular pressure was studied in accordance with the 
method disclosed in a report of a study on the effect of the tromethamine salt and the isopropyl ester of PGF 2a on 
intraocular pressure in crab-eating macaques (Exp. Eye Res., 61 , 677-683 (1995)). 

(Method) 

[0116] Male crab-eating macaques weighing from 5 to 7.5 Kg (5-10 years old) were used in the test. The intraocular 
pressures were measured just before and 2. 4 and 6 hours after application of the test compound under ketamine 
anesthasia (5-10 mg/kg, intramuscular administration) by means of an air-puff applanation tonometer. 

(Results) 

[0117] Table 1 shows the resulting changes in intraocular pressure (average of 8 subjects) with time after application 
of 20 \ii of 0.01% (w/v) ophthalmic solution (pharmaceutical 1) and 0.1% (w/v) ophthalmic solution (pharmaceutical 3) 
containing compound A, in relation to the initial intraocular pressure (the intraocular pressure just before application). 
The results of application of 0.1% (w/v) ophthalmic solution containing Latanoprost (reference pharmaceutical 1), which 
is known as a therapeutic agent for glaucoma are also shown in Table 1 . 



Table 1 





Change in ocular pressure after 
application (mmHg) 




2 hours 


4 hours 


6 hours 


Compound A (0.01%) 


-0.8 


-1.8 


-3.0 


Compound A (0.1%) 


-1.0 


-1.4 


-3.6 


Latanoprost (0.1%) 


-0.6 


-2.6 


-2.3 



[0118] As is evident from Table 1. the intraocular pressure had already started to decrease 2 hours after the applica- 
tion of compound A and had appreciably decreased even 6 hours after the application. Compound A had lowered the 
intraocular pressure about 1.5 times as much as Latanoprost did 6 hours after application. This proves that the com- 
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pound of the present invention has a long-lasting effect of lowering intraocular pressure. 
2) Test on eye irritations 

[0119] The eye irritation caused by a compound of the present invention was investigated in accordance with the 
method of Fukui et al. CGendai-no-rinsho", 4277-89 (1 970)). 

(Method) 

[0120] Male Japanese white rabbits weighing about 2.5 kg were used in the test. A test compound was applied into 
the conjunctival sac of a right eye ten times at 30 minute intervals. The conditions of the front and the anterior chamber 
of the eye were observed just before and 1 . 2 and 4 hours after the final application, and the damage to the cornea was 
observed 4 hours after the final application. Into the conjunctival sac of a left eye. the base only, which was free from 
the test compound, was applied. 

[01 21 ] A) Conditions of the front of the eye: Scores were determined on the basis of the following scale of damage to 
the eye according to the improved Draize method. 

[Scale of damage to the eye] 

The cornea 

[0122] .......... 

a) Opacity 

- 

No cloud (normal); 0 

Scattered clouds in pervasive regions (the details of the iris are clearly visible); 1 
Easily distinguishable translucent regions (details of the iris are not visible so clearly); 2 
Opaque regions, details of the iris are invisible, and the size of the pupil is barely recognizable; 3 
Unclear, the iris is invisible; 4 

b) The size of the region of the cornea falling into the above 

None;0 

More than 0 and not more than 1/4; 1 
More than 1/4 and less than 1/2; 2 
• More than 1/2 and less than 3/4; 3 
More than 3/4 and all over; 4 

The iris 
[0123] 

Normal; 0 

More plicae, stasis, swelling, congestion around the cornea than normal (any or combinations of them), the iris is 
still responsive to light (positive for sJow reaction); 1 

Irresponsible to light, and bleeding and apparent destruction (any or all of them); 2 
The conjunctiva 
[0124] 

a) Rubor of the eyelid conjunctiva 
No congestion; 0 

Slightly reddish mucosae and slight but recognizable vasodilation of the edge of the eyelid; 0.5 
Clearly abnormal congestion, appreciably red mucosae and remarkable swelling; 1 
Pretty remarkably red ocular mucosae and slightly unclear peripheral vessels; 2 
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More intense conditions than 2 and pervasive beef-like rubor; 3 

b) Edema of the eyelid conjunctiva 

5 • Not swollen; 0 

Slight tendency of edema; 0.5 
More swollen than normal; 1 

Apparently swollen together with part of the integument of the eyelid; 2 

• Swollen with about half of the eyelid sagging; 3 

to • Swollen with about half to all of the eyelid sagging; 4 

c) Rubor of the supraocular conjunctiva 

No congestion; 0 
15 • Slight vasodilation around the cornea; 0.5 
More remarkable vasodilation; 1 

Remarkable vasodilation toward the edge of the eyelid or remarkable rubor; 2 

d) Condition of the nictitating membrane 

20 

No congestion; 0 

Recognizable vasodilation and tendency of edema; 0.5 

• More appreciable vasodilation and rubor of the edge of the eyelid; 1 , 
Extreme vasodilation and remarkable rubor of the entire nictitating membrane; 2 

25 _ . 

e) Secretions 

• No secretions; 0 

A certain amount more than normal (exclusive of small amount of secretions found at the medial angle of the 
30 eye of a normal animal); 1 

Some secretions with a wet eyelid and neighboring fur; 2 

Some secretions with a wet eyelid and a large area of wet fur around the eye; 3 

B) Conditions of the anterior chamber: After the observation of the front of the eye, the inside of the anterior cham- 
35 ber was checked for flares under a sJit lamp. 

C) Damage to the cornea: After observation of the conditions of the front and anterior chamber of the eye 4 hours 
after the final application, the cornea was stained with fluorescein, and the remaining dye on the cornea was 
observed under a slit lamp. 

40 (Results) 

[0125] Table 2 shows the scores for the condition of the front of the eye (the average of three subjects) when a 0.01% 
(w/v) ophthalmic solution (pharmaceutical 3) of compound A was applied in 50 \U as an example of the results of the 
experiment. Further, Table 3 shows the results of application of a 0.1% (w/v) ophthalmic solution of Latanoprost (refer- 
45 ence pharmaceutical 1) which is known as a therapeutic agent for glaucoma. Further, to comprehensively evaluate 
damage to the front of the eye, the sum of the scores was calculated as a total score. 



Table 2 





Before application 


After 1 hr 


After 2 hrs 


After 4 hrs 


Opacity of the cornea 




0 


0 


0 


0 


Opaque fraction of the cornea 




0 


0 


0 


0 


Iridial congestion 




0 


0 


0 


0 


Rubor of eyelid conjunctiva 




0 


0 


0.2 


0 


Edema of eyelid conjunctiva 




0 


0 


0 


0 



25 



EP 0 930 296 A1 

Table 2 (continued) 





Before application 


After 1 hr 


After 2 hrs 


After 4 hrs 


Rubor of supraocular conjunctiva 


0 


0.2 


0.5 


0.2 


Condition of nictitating membrane 


0 


0.2 


0.2 


0 


Secretions 


0 


0 


0 


0 


Total score 


0 


0.4 


0.9 


0.2 


Table 3 




Before application 


After 1 hr 


After 2 hrs 


After 4 hrs 


Opacity of the cornea 


0 


0 


0 


0 


Opaque fraction of the cornea 


0 


0 


0 


0 


Iridial congestion 


0 


0 


0 


0 


Rubor of eyelid conjunctiva 


0 


0.5 


0.5 


0 


Edema of eyelid conjunctiva 


0 


0 


0 


0 


Rubor of supraocular conjunctiva 


0 


0.8 


0.8 


0.3 


Condition of nictitating membrane 


0 


0.3 


0.3 


0.3 


Secretions 


0 


0.3 


0 


0 


Total score 


0 


1.9 


1.6 


0;6 



[0126] As shown in Table 2. compound A was little irritant to the front of the eye when applied to the eye although 
slight congestion of the conjunctiva was observed. Further, as shown in Table 2 and Table 3, compound A is apparently 
less irritant to the front of the eye than Latanoprost and scored in total about 1/5, 1/2 and 1/3 as much as Latanoprost 
did, 1 hour, 2 hours and 4 hours after application, respectively, and thus always scored less than Latanoprost. On the 
other hand, when the base only was applied, all the scores for the conditions of the front of the eye were 0. 
[0127] No flares in the anterior chamber or no damage to the cornea was observed in any case, which clearly indi- 
cates that the compound of the present invention is little irritant to the eye. 

INDUSTRIAL APPLICABILITY 

[0128] The prostaglandin derivatives having a fluorine atom at the 15-position of the present invention, especially 
those having an esterified carboxylic acid moiety or hydroxyl moiety, are useful as an active ingredient of a medicine. 
Medicines containing the compounds as an active ingredient are useful as preventive or therapeutic agents for eye dis- 
eases. The medicines are excellent medicine for eye diseases having a high pharmacological activity and little side 
effect. 

Claims 

1. A fluorine-containing prostaglandin derivative of the following formula (1) (exclusive of 15-fluoro-15-deoxy PGF 2a ) 
or a salt thereof: 
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7 5 wherein A is an ethylene group, a vinylene group, an ethynylene group. -OCH 2 - or -SCH r . 

R 1 is a substituted or unsubstituted C3_ 8 alkyl group, a substituted or unsubstituted C3. 8 alkenyl group, a sub- 
stituted or unsubstituted alkynyl group, a substituted or unsubstituted C3.8 cycloalkyl group, a substituted 
or unsubstituted aralkyl group or a substituted or unsubstituted aryloxyalkyl group, 

each of R 2 and R 3 which are independent of each other, is a hydrogen atom or an acyl group, or forms a single 
20 bond as described later, 

X is -CH 2 -. -O- or -S-, 

2 is -OR 4 , -NHCOR 5 , -NHS0 2 R 6 or -SR 7 , or forms a single bond together with R 2 or R 3 , 
each of R 4 . R 5 , R 6 and R 7 which are independent of one another, is a hydrogen atom, an alkyl group, an alke- 
nyl group, an alkynyl group, a cycloalkyl group, an aryl group or an aralkyl group, 
25 and a dual line consisting of solid and broken lines is a single bond, a cis-double bond or a trans-double bond. 

2. The compound according to Claim 1. wherein A is a vinylene group or an ethylene group. 

3. The compound according to Claim 1 or 2, wherein X is -CH2-. 

4. The compound according to Claim 1 , 2 or 3, wherein both R 2 and R 3 are hydrogen atoms. 

5. The compound according to Claim 1 , 2, 3 or 4. wherein Z is -OR 4 . 

35 6. The compound according to Claim 1 , 2, 3, 4 or 5, wherein R 1 is an aryloxyalkyl group which may have a substituent. 

7. The compound according to Claim 1 , 2. 3. 4, 5 or 6. wherein R 1 is a 3,5-dichlorophenoxymethyl group, a 3,4-dichlo- 
rophenoxymethyl group, a 3-ch!orophenoxymethyl group or a phenoxymethyl group. 

40 8. A medicine containing the compound according to Claim 1 , 2, 3. 4, 5, 6 or 7 as an active ingredient 

9. A preventive or therapeutic medicine for an eye disease containing a fluorine-containing prostaglandin derivative of 
the following formula ( 1 ) or a salt thereof: 

45 



30 



50 



55 




(1) 



wherein A is an ethylene group, a vinylene group, an ethynylene group, -OCH 2 - or -SCH 2 - ( 

R 1 is a substituted or unsubstituted C^a alkyl group, a substituted or unsubstituted C 3 ^ alkenyl group, a sub- 
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stltuted or unsubstituted C 3 . 8 alkynyl group, a substituted or unsubstituted C3_ 8 cycloalkyl group, a substituted 
or unsubstituted aralkyl group or a substituted or unsubstituted aryloxyalkyl group, 

each of R 2 and R 3 which are independent of each other, is a hydrogen atom or an acyl group, or forms a single 
bond as described later, 
X is -CH 2 -, -O- or -S-, 

Z is -OR 4 , -NHCOR 5 , -NHS0 2 R 6 or -SR 7 , or forms a single bond together with R 2 or R 3 , 

each of R 4 . R 5 , R 6 and R 7 which are independent of one another, is a hydrogen atom, an alkyl group, an alke- 

nyl group, an alkynyl group, a cycloalkyl group, an aryl group or an aralkyl group. 

and a dual line consisting of solid and broken lines is a single bond, a cis-double bond or a trans-double bond. 
1 0. The medicine according to Claim 9, wherein the eye disease is glaucoma or ocular hypertension. 
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